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PREFACE 


With  the  ever-expanding  demands  of  various  curricula,  the  in- 
structor in  charge  of  a  beginning  zoology  course  faces  a  dilemma.  At 
the  same  period  that  the  time  allotted  for  general  zoology  is  being  re- 
duced or  at  least  not  expanded,  new  and  basic  discoveries  must  be  in- 
corporated. No  longer  is  it  sufficient  merely  to  march  through  the  ani- 
mal kingdom,  studying  a  few  types  here  and  there  along  the  way.  Re- 
cent discoveries  in  physiology,  such  as  the  Rh  factor  in  blood,  the  theory 
of  nerve  conduction,  the  dynamic  state  of  bones,  and  many  others 
must  be  correlated  with  the  basic  anatomy  of  the  systems  involved. 
Genetics  discussions  must  be  expanded  to  include  new  discoveries  in 
cytoplasmic  inheritance  and  biochemical  genetics.  A  survey  of  the 
animal  kingdom  must  unite  the  various  phyla  into  a  phylogenetic  scheme 
which  makes  sense  to  the  student  and  yet  gives  him  a  clear  picture  of 
representative  forms.  Even  here  new  material  must  be  incorporated. 
With  increasing  world  travel,  many  tropical  parasites,  formerly  of  little 
significance  to  the  elementary  student,  now  are  topics  of  popular  dis- 
cussion. 

It  also  appears  to  us  that  in  addition  to  providing  our  students  with 
the  necessary  technical  background,  we  have  failed  if  we  have  not 
given  them  an  esthetic  appreciation  of  the  world  of  life.  It  would  seem 
as  important  for  them  to  appreciate  the  beauty  of  the  biological  world 
as  that  of  a  symphony  or  a  Shakespearian  play.  All  seem  to  be  equally 
part  of  the  added  enjoyment  of  life  that  should  come  from  a  college 
experience. 

Here  at  Purdue,  we  have  been  faced  with  the  same  dilemma.  We 
feel  that  it  is  impossible  to  cut  whole  areas  from  the  course  to  find 
room  for  the  new  ideas  and  concepts.  Mere  adding  to,  piling  new 
facts  on  old,  would  only  increase  our  problem  of  size.  What  we  have 
been  forced  to  do  is  to  re-examine  all  the  basic  materials  and  then 
save  space  and  time  for  new  concepts  not  necessarily  by  deletion  but 
by  careful  integration.  In  so  doing,  we  have  developed  a  course  which 
we  believe  provides  the  necessary  technical  background  for  our  stu- 
dents in  the  curricula  in  general  agriculture,  preveterinary,  predental, 
premed,  prepharmacy,  medical  technician,  and  zoology,  as  well  as  the 
humanistic  appeal  that  should  be  an  integral  part  of  biology. 

In  this  course,  after  a  brief  introduction  to  the  study  of  science, 
scientific  method,  protoplasm,  classification,  and  other  background  ma- 
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terial,  we  begin  with  a  study  of  the  vertebrates.  While  it  may  appear 
more  logical  to  start  with  the  protozoans,  we  have  found  in  practice 
that  it  is  better  for  us  to  start  with  the  vertebrate.  Many  of  our  students 
have  had  little  or  no  acquaintance  with  the  smaller  animals,  but  have 
at  least  an  elementary  knowledge  of  the  general  anatomy  of  the  verte- 
brates. Further,  they  are  interested  in  the  group  of  animals  to  which 
they  belong.  Working  from  the  partially  known  and  already  interest- 
ing vertebrates,  we  excite  their  interest  still  more  and  are,  in  most  in- 
stances, able  to  retain  it  throughout  the  course.  Following  the  study 
of  vertebrate  anatomy  and  physiology,  we  return  to  the  cell,  make  a  care- 
ful study  of  it,  and  from  this,  logically  build  up  to  embryology,  genetics, 
and  evolution.  Next  we  make  a  survey  of  the  animal  kingdom,  unifying 
the  many  diverse  forms  by  concepts  of  phylogeny.  In  this  portion  we 
study  type  forms  and  stress  their  biological  and  economic  importance. 
Finally  we  close  the  course  with  a  discussion  of  ecology  which  incor- 
porates the  many  facts  and  ideas  previously  discussed. 

Although  this  adds  another  book  to  an  already  large  list,  we  be- 
lieve we  have  contributed  something  new  to  the  teaching  of  zoology. 
We  have  tried  to  incorporate  newer  ideas  and  concepts  without  sacri- 
ficing basic  anatomy,  classification,  or  phylogeny.  Also  we  have  tried 
to  present  a  book  which  is  not  so  large  that  it  will  frighten  the  timid 
freshman. 

Naturally  the  book  follows  the  sequence  of  our  course  at  Pur- 
due ;  however,  for  those  who  find  other  sequences  more  successful  for 
their  particular  classes,  we  have  arranged  the  sections  in  such  a  man- 
ner that  it  is  possible  to  begin  with  any  one. 

We  would  like  to  thank  several  persons  who  have  aided  mate- 
rially in  the  preparation  of  the  manuscript.  The  many  colleagues  and 
assistants  who  have  worked  in  our  general  zoology  course  have  con- 
tributed ideas  and  suggestions  in  developing  the  course.  Many  of  these 
suggestions  have  been  incorporated  in  this  book.  We  would  especially 
like  to  thank  Dr.  Fred  Kamemoto  and  Mr.  Kenneth  Hutton  who  have 
read  portions  of  the  manuscript  and  contributed  suggestions,  and  Dr. 
A.  E.  H.  Gaumer  who  has  not  only  offered  valuable  advice,  but  has 
also  labeled  the  drawings  and  made  several  charts. 

The  drawings  were  largely  the  work  of  one  of  the  authors  (Marie 
Goodnight).  A  number  of  them,  including  those  of  the  frog  and  of 
the  animal  groups,  were  done  by  Mrs.  Lucille  Bertram.  Her  ability  has 
contributed  much  to  those  illustrations.  The  drawings  which  were 
generously  lent  by  other  publishers  have  been  acknowledged  under  the 
illustration  concerned. 

Clarence  J.  Goodnight 
Marie  L.  Goodnight 

Lafayette,  Indiana. 
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INTRODUCTION 


Our  modern  civilization  has  resulted  from  the  concurrent  develop- 
ment of  many  different  factors.  Of  these,  probably  none  has  produced 
more  drastic  changes  than  has  science.  Science,  with  its  numerous 
applications,  plays  a  role  in  nearly  every  phase  of  our  life :  our  complex 
communication  systems,  our  freedom  of  movement,  and,  among  many 
others,  probably  the  most  important  of  all,  our  general  well-being.  All 
these  have  been  made  possible  by  scientific  discoveries. 

The  development  of  science  and  its  applications  is  one  of  the 
principal  factors  that  distinguishes  our  civilization  from  all  others.  As 
more  individuals  are  engaged  in  scientific  work  now  than  ever  before, 
more  discoveries  are  constantly  being  made.  With  many  of  these  new 
discoveries,  new  horizons  open,  and  there  are  those  who  believe  that 
the  future  of  science  is  without  limit. 

It  is  no  accident  that  this  tremendous  force  for  human  development 
has  occurred  in  our  particular  culture,  for  such  a  phenomenon  is  pos- 
sible only  in  a  civiHzation  where  the  individual  is  considered  to  be 
important.  Thus  the  philosophy  upon  which  our  religion  and  govern- 
ment have  been  based  has  provided  the  background  essential  for 
scientific  growth.  Only  in  an  atmosphere  of  freedom  is  man  able  to 
pursue  the  diverse  paths  along  which  his  curiosity  may  lead  him.  In 
such  a  way,  discoveries  are  made,  most  of  which  are  small  and  seem- 
ingly unimportant.  In  total,  however,  they  contribute  to  the  great 
scientific  discoveries  upon  which  progress  is  based. 
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SCIENCE  AND  THE  SCIENTIFIC  METHOD 

Science.^ — Perhaps  science  may  be  best  described  as  a  manner  of 
thinking;  that  is,  emphasis  is  placed  upon  open-mindedness,  objective 
evaluation,  and  controlled  experimentation.  In  some  respects  science 
might  be  considered  as  simply  formalized  common  sense.  A  concise 
dictionary  definition  has  been  given  as  "organized  exact  knowledge 
capable  of  verification." 

In  most  cases,  the  knowledge,  as  in  this  definition,  refers  to  facts 
which  have  been  accumulated  by  patient  observation  or  experimenta- 
tion. These  facts  have  negligible  value  unless  they  are  organized  in 
such  a  way  as  to  indicate  interrelationships.  Clearly  innumerable  facts 
exist  in  nature,  and  care  must  be  taken  to  recognize  those  that  are 
pertinent  to  the  subject  under  consideration. 

Facts  that  are  accumulated  must  be  as  quantitative  as  possible.  The 
scientist  does  not  speculate  about  the  number  of  animals  present  in  an 
area ;  he  devises  methods  of  counting  them.  The  farmer  may  observe 
that  his  cattle  grow  more  rapidly  on  one  ration  than  on  another,  but 
the  trained  agriculturist  is  satisfied  only  if  he  knows  the  relationship 
of  the  rate  of  growth  to  the  amount  of  food  consumed. 

As  a  further  check  upon  the  accuracy  of  observations,  an  essential 
part  of  science  is  that  the  facts  must  be  verifiable  by  more  than  one 
individual. 

To  be  of  value,  discovered  facts  must  be  readily  available.  For  this 
purpose,  there  are  numerous  scientific  journals  in  which  observations 
and  experiments  are  recorded.  This  serves  the  double  purpose  of 
making  the  facts  generally  available  and  also  of  permitting  other  workers 
to  verify  them.  In  order  for  this  last  to  be  accomplished,  scientific 
reports  include  not  only  the  facts,  but  also  the  methods  by  which  they 
were  discovered. 

The  Scientific  Method. — While  the  scientific  technique  is  a  method 
by  which  great  discoveries  have  been  made,  it  is  not  at  all  mysterious. 
Essentially  it  consists  of  the  gathering  of  facts,  their  objective  evalua- 
tion, the  discovery  of  generalizations  from  these  facts,  and  their  continual 
testing.  In  the  formation  of  any  scientific  law  or  generalization,  cer- 
tain steps  are  recognizable. 

1.  The  gathering  of  facts.  The  first  step  in  any  scientific  investiga- 
tion is  the  gathering  of  numerous  facts  relating  to  the  subject  under 
study.  These  facts  must  be  gathered  without  prejudice  or  preconceived 
ideas. 
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2.  The  formulation  of  hypotheses.  During  the  initial  gathering 
of  facts,  certain  trends  may  be  observable.  From  these  the  investigators 
formulate  various  suppositions  or  hypotheses  which  they  believe  sum- 
marize the  observed  facts.  Most  of  these  early  hypotheses  will  prove 
untrue,  but  they  are  of  value  in  directing  further  experimentation  or 
observation. 

3.  The  checking  of  the  hypotheses.  This  represents  a  very  im- 
portant phase  of  the  investigation,  for  the  methods  of  science  require 
the  continuous  discarding  of  invalid  generalizations  and  the  formulating 
of  new.  Experiments  are  devised  which  either  validate  or  invalidate 
the  hypotheses. 

4.  The  formulation  of  a  theory.  When  finally  a  hypothesis  is 
shown  to  be  correct  by  thorough  testing,  a  theory  is  formulated  which 
is  in  accord  with  the  observed  facts. 

5.  The  discovery  of  a  scientific  law.  When  the  theory  has  been 
tested  by  numerous  other  investigators  in  many  different  situations,  a 
scientific  lazv  is  discovered.  Even  though  the  law  may  seem  to  be 
entirely  correct  at  the  time  of  its  formulation,  the  open-mindedness  of 
science  is  such  that  it  requires  changes  in  the  law  if  new  techniques  or 
additional  facts  are  not  in  accord  with  it. 

6.  The  utilization  of  the  scientific  law.  Once  the  law  has  been 
established,  it  may  be  used  to  explain  newly  observed  phenomena. 

The  Scientific  Experiment. — One  of  the  most  useful  techniques 
for  accumulating  facts  and  testing  generalizations  is  the  scientific  ex- 
periment (Fig.  1).  Although  there  is  infinite  variety  in  scientific  ex- 
periments, all  have  certain  characteristics  in  common. 

First  of  these  is  the  fact  that  all  conditions  of  the  experiment  are 
constant  with  the  exception  of  the  variable  under  consideration. 

Second,  a  control  group  must  be  utilized.  The  control  is  treated 
in  exactly  the  same  manner  as  the  experimental  group,  but  the  variable 
under  investigation  is  kept  constant. 

Finally,  a  sufficient  number  of  experimental  units  must  be  used 
to  give  statistically  valid  results. 

BIOLOGY  AS  A  SCIENCE 

The  application  of  the  scientific  method  to  many  phases  of  human 
activity  has  made  possible  the  rise  of  the  diverse  sciences  which  we 
recognize  today.  Many  of  these  various  sciences  such  as  chemistry, 
phvsics,  mathematics,  and  engineering  deal  primarily  with  nonliving 
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systems  and  are  known  as  the  physical  sciences.  In  contrast,  the 
sciences  which  deal  with  living  systems  are  known  as  the  biological 
sciences. 

Actually  this  division  is  not  so  definite  as  it  first  seems,  for  many 
of  the  functionings  of  living  things  can  be  explained  only  in  the  terms 
of  physics  and  chemistry.  For  this  study,  special  fields  have  been 
developed.  Thus  biophysics  and  biochemistry  are  now  well-recognized 
subjects  that  bridge  the  gap  between  the  physical  and  biological  sciences. 
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Fig.  1. — Graph  of  experiment  performed  to  illustrate  the  scientific  method.  In 
order  to  study  the  role  of  the  pancreas  in  maintaining  the  blood  sugar  level,  the 
pancreas  was  removed  from  one  rat  and  the  sugar  content  of  the  blood  was  an- 
alyzed every  twelve  hours.  Another  animal,  the  control,  was  treated  in  exactly 
the  same  manner  as  the  experimental  animal  except  that  its  pancreas  was  not 
removed.  In  order  for  the  control  to  be  effective,  litter  mates  of  a  known  strain 
of  rats  were  used.  Both  animals  were  analyzed  for  blood  sugar  for  two  days  before 
the  operations  were  performed.  At  this  time,  operations  were  performed  on  both 
the  experimental  and  control  animals,  but  the  pancreas  was  removed  only  from  the 
experimental  animal. 

In  biology  itself,  there  are  two  fields  which  are  truly  distinctive  only 
at  the  higher  levels.  These  fields  are  zoology  dealing  with  animals, 
and  botany  dealing  with  plants.  Within  each  field,  it  has  been  neces- 
sary to  make  many  subdivisions  because  of  the  great  complexity  and 
variety  of  organisms.     Again  these  divisions  are   simply  a  matter  of 
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emphasis  as  it  is  impossible  to  understand  any  one  aspect  of  biology 
without  taking  account  of  others. 

The  study  of  the  animals  themselves  or  their  parts  may  be  ap- 
proached in  two  ways:  their  general  structure  or  anatomy,  or  their 
functioning  or  physiology.  There  are  many  divisions  of  zoology  which 
can  be  approached  from  either  or  both  of  these  viewpoints.  Some  of 
these  are  as  follows : 

Histology :  The  study  of  tissues. 

Cytology :  The  study  of  cells. 

Embryology:  The  study  of  individual  development. 

Pathology:  The  study  of  diseased  tissues. 

Ecology:  The   study   of   how   plants   and    animals    live   together. 

Genetics :  The  study  of  how  living  things  inherit. 

Taxonomy :  The  classification  or  naming  of  animals. 

Endocrinology:  The  study  of  the  endocrine  glands. 

Morphology:  The  study  of  body  form. 

Groups  of  animals  may  be  studied  in  all  the  above  details  and  also 
from  a  strictly  anatomical  or  physiological  viewpoint.  Some  of  these 
subjects  are  as  follows: 

Entomology :  The  study  of  insects. 

Mammalogy :  The  study  of  mammals. 

Herpetology :  The  study  of  reptiles. 

Ornithology:  The  study  of  birds. 

Parasitology:  The  study  of  parasites. 

Protozoology :  The  study  of  protozoans. 

Arachnology :  The  study  of  arachnids. 

Ichthyology :  The  study  of  fish. 

Scientists  working  in  the  above-named  fields  have  established,  and 
at  present  are  still  establishing,  the  basic  principles  which  have  led 
to  our  greater  understanding  of  the  living  world.  Applications  of  these 
principles  have  resulted  in  the  development  of  the  applied  fields  of 
biology  which  have  contributed  so  much  to  better  health,  food,  and 
shelter.  Some  of  these  fields  are :  agriculture  with  its  many  branches 
such  as  animal  and  plant  breeding,  dairy  husbandry,  veterinary  medi- 
cine, etc ;  pharmacy  dealing  with  the  efifects  of  drugs  on  the  animal  body ; 
medicine ;  and  conservation  dealing  with  the  wise  use  of  natural  resources. 

The  Importance  of  Zoology.— Zoology  as  a  science  is  useful  both 
from  aesthetic  and  utilitarian  viewpoints.  For  the  study  of  medicine 
and  its  allied  fields,  agriculture,  conservation,  and  many  other  fields, 
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zoology  is  an  essential  background  subject.  Work  in  these  areas  can- 
not be  pursued  without  a  knowledge  of  animals,  their  relationships,  their 
structures,  and  their  functioning. 

Many  aspects  of  zoology  are  themselves  of  practical  importance. 
These  include,  among  others,  the  field  of  genetics  which  has  been  es- 
sential for  animal  breeding;  ecology  which  has  furnished  the  necessary 
background  for  sound  conservation  programs ;  taxonomy  which  has 
made  possible  the  correct  identification  of  economically  important  pests ; 
parasitology  which  has  enabled  man  to  control  dangerous  animal  para- 
sites ;  and  physiology  which  explains  the  functioning  of  the  body. 

In  addition  to  these  "practical"  values,  zoology  itself  is  a  subject 
of  great  interest  and  aesthetic  appeal.  To  many  the  variability  of  ani- 
mal form  and  habit  is  a  source  of  unending  interest.  Perhaps  most 
important  of  all  is  the  understanding  that  zoology  gives  of  man's  place 
in  the  world  of  nature. 


CHAPTER  2 

THE  BASIS  OF  LIFE 


The  chief  concern  of  biology  is  with  living  things  and  the  manner 
in  which  they  function.  Before  it  is  possible  to  discuss  the  kinds  of  ani- 
mals, the  manner  in  which  they  live,  and  the  functioning  of  their 
various  organ  systems,  certain  background  material  must  be  considered. 
Among  these  basic  topics  are  the  problem  of  what  distinguishes  living 
materials  from  nonliving  ones,  what  are  the  basic  units  of  organization, 
and  finally  what  are  the  chemical  and  physical  laws  which  to  some 
extent  explain  animal  functioning. 

LIVING  VERSUS  NONLIVING 

Through  long  years  of  association,  most  people  have  learned  to 
distinguish  living  from  nonliving  objects.  In  general,  movement  and 
growth  are  the  chief  criteria  used ;  however,  there  are  other  important 
attributes  that  distinguish  living  systems. 

Growth. — While  it  is  true  that  some  nonliving  objects  increase  in 
size,  there  is  a  fundamental  difference  between  their  growth  and  that  of 
living  materials.  Most  nonliving  objects  increase  in  size  by  adding 
materials  to  their  outer  surfaces.  Ordinarily  these  materials  are  iden- 
tical to  or  similar  to  those  of  which  the  object  is  formed,  and  are 
added  in  an  irregular  fashion,  forming  unpredictable  shapes.  The 
ever-increasing  size  of  a  stalactite  in  a  cave  is  an  example  of  this  type 
of  growth. 

In  contrast,  living  organisms  take  in,  or,  as  in  plants,  manufacture 
food.  This  food  may  be  quite  different  from  the  plant  or  animal  body. 
By  a  series  of  changes,  this  food  is  converted  into  materials  like  those 
of  the  organism.  The  material  taken  in  is  broken  into  simple  units 
and  then  rebuilt  into  the  complex  compounds  of  the  organism.  Growth 
is  an  orderly  process,  one  change  following  another  and  each  related 
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to  the  other.     The  resulting  organism  usually  has  a  definite  recog- 
nizable form. 

Irritability. — The  migratory  movements  of  birds  in  the  spring  and 
fall,  the  flight  of  the  moth  toward  a  light — these  are  but  a  few  examples 
of  the  response  of  organisms  to  changes  in  their  environment.  Such 
irritability  is  not  found  in  nonliv^ing  systems.  Any  change  in  the  en- 
vironment which  affects  an  organism  is  known  as  a  stimulus.  Stimuli 
may  be  either  of  an  external  or  internal  origin.  Changes  in  tempera- 
ture, pressure,  light,  wind,  etc.,  would  all  constitute  stimuli  from  the 
external  environment.  Sensations  such  as  hunger  and  thirst  are  stimuli 
from  the  internal  environment  of  the  organism. 

Organization. — Every  living  organism  has  a  definite  form;  so 
constant  is  this  form  that  it  is  possible  to  recognize  kinds  of  animals 
without  difficulty.  This  form  is  due  to  a  definite  organization  of  the 
various  individual  parts  of  the  animal  in  relation  to  one  another.  This 
organization  is  not  confined  to  the  over-all  structure ;  it  is  found 
through  every  individual  part  down  to  the  smallest  units. 

The  organization  of  living  materials  may  extend  beyond  the  indi- 
vidual itself  to  complex  social  systems  such  as  those  illustrated  by  the 
beehive  or  even  that  of  human  society. 

Reproduction. — The  ability  to  reproduce  themselves  is  a  unique 
characteristic  of  living  things.  In  general,  the  offspring  resemble  the 
parents,  but  there  are  exceptions.  In  those  cases  where  the  offspring 
bear  but  slight  resemblance  to  the  adult,  the  new  individual  undergoes 
a  series  of  orderly  developmental  changes  and  gradually  takes  on  the 
appearance  of  the  parent. 

Metabolism. — All  these  dynamic  processes  that  distinguish  living 
things  from  nonliving  ones  are  made  possible  by  the  ability  of  the  or- 
ganism to  take  in  materials,  convert  them,  and  reassemble  the  parts 
which  are  then  utilized  for  growth,  repair,  reproduction,  and  energy. 
This  vital  process  is  called  metabolism. 

There  are  two  aspects  to  metabolism.  The  building  up  of  new 
parts  is  known  as  anabolism.  The  tearing  down  of  these  parts  is 
known  as  catabolism.  In  a  healthy  organism  one  process  balances  the 
other.  When  catabolism  overbalances  anabolism,  degeneration  takes 
place. 
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SOME  BASIC  CHEMISTRY  AND  PHYSICS 

In  order  to  devise  successful  experiments,  it  has  been  necessary 
for  biologists  to  assume  that  all  vital  processes  may  be  explained  by 
physical  and  chemical  laws.  While  many  processes  are  much  too 
complex  to  be  interpreted  by  our  present-day  knowledge,  a  great 
many  have  been  explained  in  a  satisfactory  manner.  For  any  under- 
standing of  the  functioning  of  organisms,  a  background  of  knowledge 
of  chemistry  and  physics  is  essential. 

Elements. — All  matter,  that  is,  anything  that  occupies  space,  is 
composed  of  certain  basic  materials  known  as  elements.  The  chemist 
recognizes  about  one  hundred  different  ones.  These  elements  may  occur 
individually  or  in  combination.  Biological  materials  have  been  shown 
to  contain  nearly  all  these  different  elements,  but  there  are  only  a  few 
which  are  invariably  found.  These  are  carbon,  hydrogen,  oxygen,  and 
nitrogen.  In  addition,  phosphorus,  potasssium,  iron,  sulfur,  calcium, 
sodium,  chlorine,  magnesium,  and  iodine  are  nearly  always  present. 
Certain  other  elements  also  may  be  essential  to  various  animals.  For 
example,  one  marine  animal  utilizes  the  rare  element  vanadium,  and 
copper  is  essential  for  growth  in  many  forms. 

The  Structure  of  Matter. — The  smallest  particle  of  an  element 
that  retains  the  peculiar  properties  of  the  element  is  the  atom.  It  is 
the  unit  that  takes  part  in  all  chemical  reactions.  The  atom  itself  has 
a  complex  structure. 

In  the  center  is  the  nucleus.  This  nucleus  contains  most  of  the 
weight  of  the  atom,  and  is  composed  of  two  principal  kinds  of  particles, 
neutrons  and  protons.  Neutrons  are  uncharged  while  the  protons  bear 
a  positive  charge.  Other  particles,  both  charged  and  uncharged,  have 
also  been  demonstrated  in  the  nucleus.  Outside  the  nucleus  are 
whirling  rings  of  negatively  charged  particles,  the  electrons.  The  whole 
tiny  assemblage  resembles  a  miniature  solar  system. 

The  number  of  protons  in  the  nucleus  exactly  balances  the  number 
of  electrons  in  the  outer  rings  or  shells.  Thus  the  charge  of  the  whole 
atom  is  neutral.  The  first  ring  of  electrons  is  never  made  up  of  more 
than  two ;  the  second  is  limited  to  eight.  The  remaining  rings  though 
more  variable  follow  a  similar  pattern.  The  chemical  properties  of 
the  element  depend  upon  the  number  of  electrons  in  the  outermost  orbit. 

As  all  of  the  basic  types  of  atoms  are  built  upon  a  similar  pattern, 
it  is  possible  to  arrange  them  in  a  series  known  as  the  periodic  table 
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(Fig.  2).  This  table  is  based  upon  the  number  of  protons  in  the 
nucleus  and  the  electrons  in  the  rings.  The  atoms  are  arranged  in  the 
order  in  which  the  number  of  electrons  and  protons  increase  in  an 
orderly  fashion.  Each  element  bears  an  atomic  number  that  indicates 
its  position.  One  electron  rates  position  one  in  the  table.  As  the  first 
ring  can  have  but  two  electrons,  only  one  other  element  is  in  the 
series  with  hydrogen;  this  element  is  helium  which  has  two  electrons 
in  this  orbit.  Beginning  the  next  series  of  elements  is  lithium  with 
three  electrons :  two  in  the  first  ring  and  one  in  the  second.  Copper, 
number  29,  has  2  electrons  in  the  inner  ring,  8  in  the  second,  18  in  the 
third,  and  1  in  the  fourth.  In  general,  no  ring  starts  filling  with  elec- 
trons until  the  ring  below  it  is  saturated.  Each  atom  has  a  certain 
weight  known  as  its  atomic  weight.  These  atomic  weights  of  the  various 
elements  are  given  in  relationship  to  that  of  oxygen  which  is  assigned 
a  weight  of  16.  Sulfur,  for  example,  has  an  atomic  weight  of  32.06, 
hydrogen,  1.01,  and  carbon,  12.01. 
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Fig.  2. — A  portion  of  the  periodic  table  of  the  elements.  The  atomic  number 
of  each  element  is  indicated  below  each  diagram,  together  with  the  abbreviation  for 
the  element. 

Isotopes. — Carbon  from  any  natural  source,  however,  is  actually 
a  mixture  of  several  atomic  weights.  These  various  carbons  are  known 
as  carbon  11,  12,  13,  or  14,  according  to  their  varying  atomic  weights. 
It  would  be  very  simple  to  demonstrate  that  the  chemical  activity  of 
these  various  materials  is  identical  despite  the  varying  weights.  Thus 
it  must  be  assumed  that  the  electron  orbits  are  all  identical.  The  dif- 
ferences must  lie  in  the  nuclei.  The  nucleus,  as  mentioned  previously, 
is  made  up  principally  of  protons  and  neutrons,  with  the  protons  exactly 
balancing  the  electrons  of  the  orbits.  The  differences  in  atomic  weights 
then  must  be  due  to  different  numbers  of  neutrons. 
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Atoms  which  vary  in  atomic  weight,  but  not  in  chemical  properties, 
are  known  as  isotopes.  Some  isotopes  are  radioactive,  that  is,  they 
emit  certain  radiations  from  their  nuclei.  This  radiation  ceases  when 
a  stable  atomic  weight  is  reached.  Only  certain  combinations  of  neu- 
trons and  protons  appear  to  be  stable.  Since  this  decay  or  loss  of  nu- 
clear particles  proceeds  at  a  constant  rate,  it  is  possible  to  use  these 
radioactive  isotopes  for  the  study  of  various  biological  processes.  Radio- 
active isotopes  of  most  elements  have  been  prepared  artificially.  These 
isotopes  are  known  as  labeled  elements.  Their  pathway  through  the 
plant  or  animal  body  can  be  traced.  This  new  technique  is  resulting 
in  many  rapid  advances  in  our  understanding  of  biological  activities, 
particularly  those  concerned  with  the  details  of  metabolism. 

Ions. — The  number  of  electrons  in  the  outer  ring  is  of  utmost  im- 
portance in  determining  the  combining  properties  of  the  atom.  If  the 
outer  ring  has  less  than  one-half  the  number  required  to  fill  it,  it  has 
a  tendency  to  lose  those  that  it  has.  Inasmuch  as  the  number  of  pro- 
tons in  the  nucleus  remain  the  same — despite  this  loss —  the  atom  be- 
comes positively  charged.  If  the  outer  ring  has  more  than  one-half 
the  number  necessary  to  saturate  it,  the  atom  tends  to  pick  up  electrons. 
Again,  the  number  of  protons  in  the  nucleus  remains  constant,  despite 
the  increased  number  of  electrons  in  the  outer  ring.  Thus  the  atom 
becomes  negatively  charged.  These  modified  atoms  are  known  as 
ions.  Positively  charged  atoms  are  called  cations;  negatively  charged 
ones  are  anions.  In  general,  these  charged  atoms  move  toward  areas 
carrying  the  opposite  charge. 

This  property  of  ionization  is  very  important  in  the  functioning 
of  biological  systems.  As  ions  can  pass  readily  through  membranes, 
their  movements  are  the  basis  of  many  of  the  physiological  activities  of 
an  organism. 

Molecules.— Although  the  atom  is  the  smallest  possible  particle 
of  a  substance,  it  seldom  if  ever  exists  alone.  Rather  atoms  combine 
with  one  another  to  form  molecules.  At  times,  a  molecule  is  formed  of 
but  a  single  type  of  atom ;  thus  two  atoms  of  oxygen  combine  to  form  a 
molecule.  This  is  the  manner  in  which  oxygen  exists  in  the  air.  More 
often,  a  single  molecule  is  formed  of  more  than  a  single  kind  of  atom 
and  is  known  as  a  compound.  A  molecule,  thus,  is  the  smallest  unit 
of  any  substance  that  can  exist  alone. 
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Compounds. — The  way  in  which  atoms  combine  to  form  com- 
pounds is  precisely  determined  by  the  number  of  electrons  in  the  outer 
orbit.  The  molecules  resulting  from  the  combining  of  atoms  are  ap- 
parently held  together  by  the  sharing  of  electrons. 

Better  to  explain  the  above,  the  formation  of  sodium  chloride  can 
be  considered.  Sodium  with  1 1  electrons  in  its  orbits  has  2  in  the  inner- 
most shell,  8  in  the  second,  and  but  1  in  the  outer.  Chlorine  has  2 
electrons  in  its  innermost  ring,  8  in  the  next  and  7  in  the  outermost 
one.  It  lacks  a  single  electron  to  complete  this  ring  of  8.  Since  sodium 
has  but  one  in  the  outer  ring,  one  atom  of  sodium  will  satisfy  one 
atom  of  chlorine.  Sodium  chloride  (common  table  salt)  is  the  re- 
sulting compound. 

It  is  well  to  note  that  this  compound  has  properties  quite  unlike 
those  of  the  elements  from  which  it  is  formed.  Sodium  is  a  white 
metal  that  burns  readily  and  reacts  violently;  chlorine  at  normal  tem- 
peratures is  a  highly  poisonous  gas.  In  combination  they  produce 
sodium  chloride  which  is  not  toxic  and  which  is  a  necessity  to  liv- 
ing things. 

An  atom  which  is  completely  saturated  in  its  outer  ring  will  not 
unite  with  other  atoms  under  ordinary  conditions.  The  gas,  helium, 
with  its  saturated  outer  ring  is  a  very  inert  material.  Hydrogen 
with  but  a  single  electron  unites  easily  to  form  a  large  number  of 
compounds.  Hydrogen  and  oxygen  readily  combine  to  form  water, 
one  of  the  commonest  and  most  essential  compounds  found  in  all  living 
things.  Oxygen  with  6  electrons  in  its  outer  orbit  needs  two  more  for 
completion.  Two  atoms  of  hydrogen  ordinarily  combine  with  one  of 
oxygen  to  form  a  molecule  of  water. 

Elements  always  combine  with  one  another  in  definite  proportions 
which  are  determined  by  the  number  of  electrons  in  the  outer  orbit 
of  each  element. 

Characteristics  of  Elements. — Elements  all  have  characteristic 
atomic  numbers,  atomic  weights,  and  symbols.  They  also  possess 
specific  melting  and  boiling  points  as  well  as  unique  properties  of  color, 
chemical  behavior,  etc.  The  atomic  weight,  as  pointed  out  above,  is 
determined  by  the  number  of  neutrons  and  protons  in  the  nucleus; 
properties  such  as  the  melting  and  boiling  points  are  determined  by 
the  total  number  of  protons,  neutrons,  and  electrons,  while  the  chem- 
ical properties  are  determined  by  the  number  of  electrons  in  the  outer 
orbit.  The  symbol  of  the  element  is  the  abbreviation  of  the  Latin 
name. 
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Some  elements  found  in  biological  materials  are  listed  here : 

Name  Symbol  Atomic  Number      Atomic  Weight 

Calcium    Ca  20  40.08 

Carbon    C  6  12.010 

Chlorine  CI  17  35.457 

Copper    Cu  29  63.54 

Hydrogen   H  1  1.008 

Iodine   I  53  126.92 

Iron    Fe  26  55.85 

Magnesium    ■. . . .  Mg  12  24.32 

Nitrogen N  7  14.008 

Oxygen   O  8  16.000 

Phosphorus    P  15  30.98 

Potassium   K  19  39.096 

Sodium    Na  11  22.997 

Sulfur  S  16  32.066 

When  indicating  a  reaction  between  two  elements,  it  is  customary 
to  use  abbreviations  and  to  indicate  by  means  of  an  arrow  the  direction 
in  which  the  reaction  proceeds.  For  example,  sodium  chloride  results 
from  the  following  reaction : 

Na  +  CI  >  NaCl 

In  this  example,  one  atom  of  sodium  combined  with  one  of  chlorine. 
When  hydrogen  and  oxygen  combine  to  produce  w^ater,  the  proportions 
of  each  are  indicated  thus : 

2  H  +  O  >  H.O 

The  number  of  atoms  involved  must  be  indicated  on  both  sides  of  the 
equation  and  must  balance. 

Salts,  Acids,  and  Bases.— Many  substances  when  placed  in  water 
dissociate  into  their  component  parts.  Thus  the  sodium  and  chlorine 
of  common  table  salt  separate  to  become  ions  when  salt  is  dissolved 
in  water.    This  is  indicated  as  follows : 

NaCl  >  Na+  +  Cl" 

The  positive  and  negative  signs  indicate  the  electrical  charge  of  the 
ion.  When  materials  dissociate  in  this  manner,  chemical  reactions 
take  place  more  readily. 
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If  a  substance  when  dissolved  produces  hydrogen  ions,  it  is  known 
as  an  acid.    Hydrochloric  acid  dissociates  in  this  way : 

HCl  >  H+  +  Cl- 

If  instead  of  producing  hydrogen  ions  in  water  solution,  a  sub- 
stance produces  hydroxyl  (OH)  ions,  it  is  known  as  a  base.  In  this 
event,  the  hydrogen  and  oxygen  are  bound  together  in  such  a  manner 
that  they  react  as  a  single  unit.  This  unit  is  known  as  a  radical;  in 
the  case  of  bases,  it  is  the  hydroxyl  radical.  This  radical  carries  an 
electrical  charge  similar  to  that  of  any  other  ion.  Sodium  hydroxide 
ionizes  in  this  way : 

NaOH  >  Na+  +  OH- 

If  an  acid  and  a  base  are  placed  together  in  water  solution,  a  re- 
action illustrated  by  the  following  formula  occurs : 

NaOH  -f-  HCl  >  NaCl  -f  H.O 

Thus  when  an  acid  and  base  are  placed  together,  a  salt  and  water  result. 
This  salt  when  dissolved  never  yields  hydrogen  or  hydroxyl  ions. 

Some  acids  and  bases  ionize  to  a  greater  degree  than  do  others. 
Acids  such  as  hydrochloric  and  bases  such  as  sodium  hydroxide  ionize 
almost  completely.  They  are  classed  as  strong  acids  and  bases.  Acids 
that  produce  but  few  hydrogen  ions  are  considered  weak  acids ;  likewise 
bases  that  produce  few  hydroxyl  ions  are  called  weak  bases. 

In  pure  water,  the  hydrogen  and  hydroxyl  ions  balance  completely 
and  the  reaction  of  the  water  is  indicated  as  neutral.  An  acid  or  basic 
reaction,  of  course,  indicates  the  presence  of  either  the  hydrogen  or 
hydroxyl  ions.  The  degree  of  acidity  of  a  solution  is  indicated  by  the 
usage  of  the  term  pH.  Distilled  water  has  a  pH  of  7,  which  is  neu- 
trality. Values  below  that  indicate  increasing  numbers  of  hydrogen 
ions;  values  above  indicate  the  presence  of  hydroxyl  ions.  A  pH  of 
5  is  considered  to  be  a  strongly  acid  reaction. 

ORGANIC  CHEMISTRY 

Chemistry  is  considered  to  have  two  major  branches :  the  one 
dealing  with  the  chemistry  of  the  carbon  compounds  is  organic;  that 
dealing  with  the  chemistry  of  all  other  materials  is  inorganic. 

Organic  compounds  far  outnumber  the  inorganic.  The  reason  for 
this  large  number  is  traceable  to  the  fact  that  the  individual  carbon 
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atom  has  the  unique  abihty  of  being  able  to  unite  with  other  carbon 
atoms  to  form  chains  or  rings.  Possibly  this  ability  is  due  to  the  fact 
that  the  carbon  atom  has  exactly  half  the  number  of  electrons  (4)  in 
the  outer  orbit  that  are  needed  for  saturation;  thus  it  tends  to  share 
electrons.  Often  other  elements  or  radicals  are  attached  to  these  rings 
or  chains  and  complex  molecules  result. 

There  are  several  ways  in  which  the  organic  compounds  differ 
markedly  from  the  inorganic  ones.  On  the  whole  they  are  less  stable 
when  heated,  do  not  react  readily,  tend  to  be  less  soluble  in  water, 
burn  easily  to  produce  carbon  dioxide  and  water,  and,  in  general,  are 
much  more  complex. 

In  biological  materials,  there  are  three  main  classes  of  organic 
materials  which  are  of  importance.  These  are  the  carbohydrates, 
lipids,  and  proteins. 

The  Carbohydrates. — The  chief  source  of  energy  for  animals  is 
furnished  by  the  carbohydrates.  These  are  the  sugars  and  starches. 
In  all  carbohydrates,  there  are  but  three  elements  present :  carbon, 
hydrogen,  and  oxygen.  The  latter  two  are  always  present  in  the  same 
ratio  as  in  water,  that  is,  two  parts  of  hydrogen  to  one  of  oxygen. 
Sugars  vary  greatly  in  their  complexity.  The  simple  ones,  known  as 
the  monosaccharides,  consist  of  but  a  single  unit.  An  example  of 
this  type  is  glucose,  which  has  the  formula  CeHisOe. 

If  two  monosaccharide  units  unite,  a  single  disaccharide  molecule 
is  formed.  A  typical  disaccharide  is  sucrose,  the  chief  sugar  found  in 
honey,  milk,  fruits,  and  in  sugar  cane. 

The  starches  are  the  polysaccharides,  that  is,  many  monosaccharide 
units  are  hooked  together.  These  molecules  are  very  large  and  quite 
insoluble.  During  digestion  these  are  changed  into  the  simpler,  soluble 
monosaccharides  and  disaccharides.  Starches  are  an  important  source 
of  food  for  both  human  beings  and  animals.  Potatoes,  rice,  corn,  and 
many  other  foods  are  good  sources  of  starches.  Glycogen,  a  special 
polysaccharide,  is  found  in  the  liver  of  many  animals. 

Lipids.— Lipids  constitute  an  important  group  of  organic  materials 
familiar  as  the  fats  and  fatty  acids.  In  the  animal  body  they  play  an 
important  role  in  the  storage  of  energy ;  in  addition,  they  appear  to  be 
of  great  structural  importance  in  the  living  body. 

The  lipids  have  the  same  three  elements  as  the  carbohydrates: 
carbon,  hydrogen,  and  oxygen.  The  chief  difference  between  the  fats 
and  carbohvdrates  is  the  fact  that  in  fats  there  is  less  oxygen  in  pro- 
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portion  to  the  hydrogen  and  carbon.     One  common  animal  fat  has  the 
formula  C51H98O6. 

Proteins. — Proteins  are  the  most  complex  and  varied  of  all  the 
organic  compounds.  The  molecules  are  much  larger  than  those  of 
the  fats.  In  addition  to  containing  the  usual  carbon,  hydrogen,  and 
oxygen,  the  protein  molecule  may  also  have  sulfur,  nitrogen,  phos- 
phorus, or  other  elements. 

Protein  molecules  can  be  broken  into  constituent  parts  which  ?.re 
known  as  amino  acids.  These  acids  vary  in  complexity,  but  all  are 
characterized  by  the  presence  of  NH2  radicals,  the  amine  group. 

In  the  animal  body,  the  proteins  are  of  great  importance  in  the 
growth  and  repair  of  tissues.  During  digestion  the  complex  proteins 
which  are  consumed  are  broken  down  into  their  component  amino  acids. 
These  are  then  distributed  through  the  body  and  then  rebuilt  into  the 
proteins  characteristic  of  the  animal's  body. 

Enzymes. — All  the  complex  reactions  which  occur  within  the  liv- 
ing organism  are  made  possible  by  the  activity  of  special  substances 
known  as  enzymes.  Enzymes  are  protein  in  nature  and  are  true  cata- 
lysts ;  that  is,  they  bring  about  or  mediate  reactions  between  other  sub- 
stances without  themselves  appearing  in  the  final  products. 

Enzymes  make  life  possible  inasmuch  as  they  bring  about  re- 
actions at  the  comparatively  low  temperatures  at  which  organisms  exist. 
The  duplication  of  even  simple  biological  reactions  outside  an  organism 
may  require  the  use  of  high  temperatures  and  strong  acids  or  bases. 
Obviously  such  extreme  measures  would  be  fatal  within  any  organism. 

Enzymes  are  usually  specific  in  their  action ;  that  is,  they  act  only 
upon  certain  definite  substances  under  only  certain  specific  conditions 
of  pH  and  temperature.  The  reactions  which  they  mediate  may  be 
reversible.  Perhaps  most  characteristic  of  all  is  the  fact  that  enzymes 
are  produced  only  by  living  organisms. 

PHYSICAL  CHARACTERISTICS  OF  MATTER 

Solutions. — When  a  compound  such  as  table  salt,  NaCl,  is  dis- 
solved in  water,  an  equilibrium  is  set  up  between  the  sodium  and 
chlorine  ions  and  the  salt  molecules.    It  is  illustrated  thus : 

NaCl  ^  Na+  -\-  Cl- 
in this  example,  the  water  is  the  solvent  and  the  salt  is  the  solute.     If 
this  solution  is  evaporated,  the  salt  crystals  will  again  appear. 
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Some  compounds  such  as  table  salt  dissociate  nearly  completely 
while  others  dissociate  only  partially  or  not  at  all  when  dissolved. 
In  a  true  solution,  the  solute  particles  are  of  an  extremely  small  size 
and  are  equally  distributed  through  the  solvent. 

Suspensions. — A  suspension  is  quite  different  from  a  solution 
inasmuch  as  the  particles  are  of  a  much  larger  size.  The  fine  particles 
of  mud  in  river  water  are  an  example  of  a  suspension. 

Colloids. — Intermediate  in  size  between  the  particles  of  a  solution 
and  a  suspension  are  the  colloidal  particles.  In  some  respects  a  colloid 
resembles  a  true  solution,  for  the  colloidal  particles  are  equally  dispersed. 
Each  particle  is  considered  to  be  1/10,000  to  1/1,000.000  mm.*  in 
diameter.  These  particles  are  the  dispersed  plmse  while  the  matrix  in 
which  they  occur  is  the  continuous  phase.  As  all  the  particles  are  of 
the  same  electrical  charge,  they  repel  one  another,  and  thus  a  true 
colloidal  solution  never  settles  out.  It  is  possible  that  large  protein 
molecules  form  these  particles  in  living  systems. 

Unlike  a  true  solution,  a  colloid  may  occur  as  a  somewhat  rigid 
gelatinous  material.  If  water  is  lost  from  the  continuous  phase,  the 
system  becomes  more  rigid  and  is  know  as  a  gel.  When  it  picks  up 
water  and  becomes  more  liquid  it  is  known  as  a  sol.  The  ability  to 
change  from  gel  to  sol  and  back  again  is  a  property  of  utmost  impor- 
tance in  the  physiology  of  living  organisms. 

Brownian  Movement. — In  1828,  Robert  Brown,  an  Englishman, 
was  examining  under  his  microscope  some  microscopic  pollen  grains 
suspended  in  water.  He  noted  that  they  moved  in  a  random,  vibratory 
manner,  tracing  a  strange  zigzag  pattern.  Fascinated  as  he  was,  he  was 
unable  to  explain  the  cause  of  this  movement.  In  fact,  it  took  another 
eighty  years  of  observation  for  the  real  explanation  to  be  developed. 

In  1908,  a  Frenchman,  Perrin,  began  a  series  of  experiments  in 
which  he  measured  the  behavior  of  various  suspended  particles.  He 
assumed  that  these  movements  were  actually  magnified  movements  of 
molecules.  The  suspended  particles,  he  reasoned,  vibrated  because 
they  were  being  continuously  "bumped"  by  the  molecules  of  the  mediuni 
in  which  they  were  suspended.  His  experiments  showed  the  correct- 
ness of  his  assumptions.  In  honor  of  Brown,  this  type  of  movement  is 
now  called  Brownicni  movement. 


*1  mm.  =  1/25.4  inches. 
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Energy. — Brownian  movement  increases  with  higher  temperatures 
and  nearly  ceases  at  extremely  low  temperatures,  thus  reflecting  the 
movements  of  the  molecules  of  the  solution.  This  motion  is  an  ex- 
pression of  energy,  which  is  defined  as  work  or  the  ability  to  do  work. 
Energy  causes  the  movement  of  a  body  against  resisting  forces  such  as 
gravity;  its  expenditure  may  result  in  heat  as  when  coal  is  burned. 
Within  the  animal  body,  fats  and  carbohydrates  are  burned  with  oxygen 
to  produce  energy. 

Energy  may  exist  in  several  forms  which  can  be  converted  from 
one  to  another.  Kinetic  energy  is  the  energy  of  motion ;  potential 
energy  is  the  energy  of  a  body  position  in  relationship  to  other  bodies. 
Thus  the  energy  of  water  behind  a  dam  is  potential,  easily  converted 
to  kinetic  when  the  gates  are  opened. 

All  matter  is  but  a  form  of  energy,  and  three  forms  are  recognized : 
gas,  liquid,  and  solid.  The  number  of  molecules  per  unit  of  space  is 
usually  greatest  in  the  solid  and  least  in  the  gas.  Contrariwise,  molecu- 
lar motion  is  greatest  in  the  gas  and  least  in  the  solid. 

Diffusion. — The  kinetic  energy  of  molecules  accounts  for  the 
fact  that  molecules  rapidly  spread  through  a  medium.  This  is  more 
easily  demonstrated  in  liquids  and  gases  than  in  solids.  If  a  can  of  ether 
is  opened  in  a  room,  the  odor  will  soon  spread  throughout  the  closed 
area.  In  liquids  this  same  phenomenon  can  be  demonstrated  by  drop- 
ping a  crystal  of  potassium  dichromate  in  water.  Soon  the  entire  con- 
tainer of  water  will  be  colored  a  uniform  purple.  This  tendency  of 
molecules  to  spread  from  areas  of  greater  concentration  to  those  of 
less  is  known  as  diffusion. 

Osmosis. — Application  of  this  tendency  of  material  in  solution  to 
equalize  is  very  important  in  biological  systems.  In  them,  however, 
the  movement  is  often  through  a  membrane.  Most  living  structures 
are  surrounded  by  membranes  that  are  semipermeable;  that  is,  they 
will  permit  only  particles  of  a  certain  size  to  pass  through.  The  passage 
of  materials  in  solution  through  a  semipermeable  membrane  is  known 
as  osmosis. 

This  can  be  demonstrated  with  a  simple  experiment.  A  semi- 
permeable sac  of  celloidin  is  filled  with  a  heavy  sugar  solution  such  as 
molasses,  and  a  glass  tube  is  fastened  to  the  open  end.  This  sac  is  then 
placed  in  a  container  of  distilled  water ;  the  level  of  the  solution  in  the 
tube  will  rise  rapidly.  The  smaller  water  molecules  move  in  and  out  of 
the  celloidin  sac,  with  more  entering  than  leaving.     The  sugar  mole- 
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cules  are  too  large  to  pass  out  of  the  bag.  Since  the  tendency  to  equal- 
ize is  so  important,  more  water  flows  into  than  out  of  the  sac.  In  this 
case,  equalization  cannot  be  reached. 

In  this  experiment,  the  sugar  solution  had  a  much  greater  con- 
centration of  molecules  than  did  the  water  surrounding  the  membrane. 
The  sugar  solution  is  said  to  be  hypertonic  to  the  water,  while  the 
water  is  hypotonic  to  the  sugar  solution.  If  two  solutions  separated 
by  a  membrane  have  the  same  molecular  concentration,  they  are  con- 
sidered to  be  isotonic. 

Both  diffusion  and  osmosis  are  involved  in  the  movement  of  ma- 
terials in  and  out  of  cells  and  within  the  cells  themselves. 

PROTOPLASM 

All  living  things  are  composed  of  a  complex  material,  protoplasm. 
In  this  material,  the  molecules  are  in  all  physical  states  mentioned 
above,  with  the  colloidal  state  predominating.  Protoplasm  varies  in  its 
chemical  and  physical  composition  between  species  and  even  between 
parts  of  a  single  plant  or  animal  body. 

Its  physical  characteristics  may  be  briefly  summarized  as  follows : 
it  is  slightly  viscous,  but  capable  of  flowing,  has  a  specific  gravity 
slightly  greater  than  that  of  water  due  to  the  many  dissolved  substances 
in  it,  and  is  semitransparent  or  translucent. 

Chemical  composition.— Chemically,  protoplasm  is  exceedingly 
complex  and  is  composed  of  a  number  of  different  elements  and  com- 
pounds. Except  for  the  heavier  metals  and  rare  earths,  almost  any  of 
the  chemical  elements  may  be  present  in  living  things  and  no  one 
chemical  element  is  peculiar  to  it.  In  fact,  most  protoplasm  is  com- 
posed of  very  common  elements ;  among  them  are :  carbon,  hydrogen, 
oxygen,  nitrogen,  phosphorus,  sulfur,  sodium,  chlorine,  potassmm,  cal- 
cium, iron,  iodine,  and  magnesium. 

The  most  important  compound  in  protoplasm  is  water.  This  com- 
poses from  60  to  99  per  cent.  It  acts  as  the  medium  for  solutions  and 
makes  possible  the  many  activities  of  protoplasm.  Inorganic  salts 
such  as  sodium  chloride,  potassium  chloride,  magnesium  chloride,  and 
sodium  phosphate  are  common.  The  organic  compounds,  carbohydrates, 
lipids,  and  proteins,  are  always  found. 

Organization  of  protoplasm.-Protoplasm  does  not  ordinarily 
exist  in  an  unorganized  state.  Rather  it  is  organized  into  definite  units 
known  as  cells  (Fig.  3)  which  have  many  forms  and  shapes. 
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The  two  principal  regions  of  most  cells  are  the  nucleus  and  the 
cytoplasm.  The  nucleus  controls  the  reproduction  of  the  cell  while  the 
cytoplasm  furnishes  the  material  for  cell  metabolism.  The  individual 
cell  is  surrounded  by  a  semipermeable  membrane  that  determines  the 
materials  that  enter  and  leave.  The  passage  of  the  various  ions  and 
molecules  through  this  membrane  is  to  a  great  extent  determined  by 
the  physical  laws  governing  diffusion  and  osmosis.  A  great  many  more 
important  secondary  structures  are  found  in  both  the  nucleus  and  cyto- 
plasm. These  will  be  discussed  in  a  later  chapter  which  is  concerned 
with  cell  division  and  other  cell  activities. 


BED  BLOOD  CELLS  -  FROG 


SMOOTH    MUSCLE 


Fig.  3. — Examples  of  cells. 


Cell  Sizes. — Cells  vary  greatly  in  size  from  the  large  bird  egg, 
with  its  inclusion  of  yolk,  to  the  small  blood  cells.  Most  cells,  how- 
ever, are  so  small  that  they  are  measured  in  microns.  A  single  micron 
is  1/1,000  part  of  a  millimeter. 

A  few  cells  and  their  average  sizes  are  listed  below : 


Bacterial  cell 

Human  red  blood  cell 

Human  ovum 

Human  white  blood  cell 

Smooth  muscle  cell 

Skeletal  muscle  cells 


1-5  microns 
7.2  microns 
130-140  microns 
12  microns 
0.2  mm. 
1-40  mm. 


Tissues. — In  both  animals  and  plants,  cells  which  are  similar 
in  structure  and  function  are  grouped  together  as  tissues.  Animal 
tissues  are  divided  into  six  principal  classes. 

1.  Epithelial  Tissues. — Epithelial  tissues  (Fig,  4)  cover  sur- 
faces such  as  those  of  the  skin  or  digestive  tract.  This  tissue  has  many 
functions,  chief  among  which  are  protection  and  secretion.  In  some 
places,  such  as  the  lining  of  the  nasal  passages,  the  cells  have  cilia 
or  hairlike  processes  which  remove  dust  particles.  These  cells  are 
known  as  ciliated  epithelium.  Epithelium  is  classified  according  to  the 
shapes  of  the  cells  composing  it.    Squamous  epithelium  consists  of  flat 
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cells  such  as  those  lining  the  inner  surfaces  of  blood  vessels.  Cuhoidal 
epithelium  is  found  in  the  salivary  glands  and  in  the  kidney  tubules. 
Tall  cells  known  as  columnar  epithelium  are  found  lining  the  intestine. 
Epithelial  tissue  may  be  only  a  few  cells  thick.  In  that  case,  it  is  known 
as  simple  epithelium;  when  it  occurs  in  many  layers,  it  is  termed 
stratified  epithelium. 

2.  Supporting  and  Connective  Tissues.  This  is  a  very  large 
group  of  tissues  (Fig.  4)  which  includes  all  those  that  in  some  way  con- 
nect or  support.  Many  different  types  of  these  tissues  are  specialized 
for  many  different  functions.  All  are  alike  in  one  respect ;  that  is,  they 
have  relatively  scattered  cells  with  a  great  amount  of  intercelluar 
material. 


ETrm 


Fig.   4. Types  of   epithelial   and   connective   tissues.     A,   Cuboidal   epithelium; 

B,  squamous  epithelium;  C,  ciliated  columnar  epithelium;  D,  adipose  tissue;  E,  elastic 
connective  tissue;  F,  areolar  connective  tissue. 

Areolar  connective  tissue  has  a  few  widely  separated  cells  scattered 
in  a  semifluid  matrix.  This  matrix  is  strengthened  by  a  network  of 
elastic  and  collagenous  fibers.  Collagenous  fibers  are  composed  of 
manv  fibrils  closely  cemented  together.  These  fibrils  are  formed  of 
collagen,  a  protein  material  which  when  boiled  in  water  yields  gelatin. 
This  type  of  tissue  is  found  under  the  skin,  in  mucous  membranes,  and 
around  blood  vessels  and  nerves.  A  special  kind  of  areolar  connective 
tissue,  adipose  Hssue,  has  many  of  the  cells  filled  with  fat.  This  tissue 
is  found  throughout  the  body,  but  especially  under  the  skin  and  around 
certain  organs. 
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Three  other  kinds  of  modified  areolar  connective  tissue  are  found 
in  living  materials.  These  include  reticular,  elastic,  and  fibrous.  Reticu- 
lar tissue  is  formed  of  a  network  of  white  fibers  in  contact  with  small 
flat  cells,  and  with  numerous  small  spaces  between  the  fibers.  This 
tissue  forms  the  framework  of  much  of  the  lymphatic  tissue,  and  is  also 
found  in  the  mucous  membranes  of  numerous  organs.  The  matrix  of 
elastic  connective  tissue  contains  many  branching  yellow  fibers  and  a 
few  white  fibers.  This  tissue  is  quite  elastic  and  is  found  in  the  res- 
piratory tract.  The  matrix  of  fibrous  connective  tissue,  in  contrast  to 
that  of  the  others,  contains  many  long  collagenous  fibers  cemented  into 
bundles.  This  produces  a  strong  white  tissue.  It  forms  the  heavy 
bands  for  attaching  muscles  to  bones  and  for  binding  bones  together. 

Other  important  types  of  connective  tissue  are  the  cartilage  (Fig. 
26)  and  bone  (Fig.  28)  that  make  up  the  skeletal  framework  of  the 
body. 

3.  Vascular  Tissue.  Blood  and  lymph.  These  tissues  serve 
to  distribute  oxygen  and  food  and  to  remove  waste  materials  from  the 
cells  of  the  body.     (Fig.  52.) 

4.  Muscular  Tissues.  All  these  tissues  are  distinguished  by  the 
fact  that  they  are  able  to  contract.  They  consist  of  specialized  muscle 
cells  attached  to  bones  and  in  the  internal  organs.  The  appearance  of 
this  tissue  microscopically  differs  with  the  type  of  work  performed. 
(Fig.  34.) 

5.  Nervous  Tissue.  This  tissue  is  specialized  for  the  transmis- 
sion of  sensory  impulses.     (Fig.  57.) 

6.  Reproductive  Tissue.  This  tissue  consists  of  the  specialized 
cells  of  the  ovary  and  testes  which  produce  the  eggs  and  sperm.  (Figs. 
76  and  78.) 

Glands. — Almost  any  cell  may  at  times  produce  secretions;  but 
those  cells  which  specialize  in  this  function  are  known  as  glands  (Fig. 
5).  A  gland  may  consist  of  but  a  single  cell  or  it  may  consist  of  many 
cells.  The  secretions  of  these  specialized  cells  may  be  secreted  onto  a 
surface,  directly  into  the  blood,  or  into  some  body  cavity.  Some  glands 
store  up  their  products  and  discharge  them  at  one  time,  others  liberate 
them  continuously. 

At  times  the  terms  excretion  and  secretion  are  used  interchange- 
ably when  speaking  of  the  products  produced  by  glands.  This  is  due 
in  part  to  the  fact  that  it  is  often  difficult  to  distinguish  between  these 
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two  functions.  In  general,  it  is  considered  that  an  excretion  is  a  ma- 
terial found  in  the  blood,  which  is  eliminated  as  a  waste  material.  Usu- 
ally these  are  metabolic  wastes.  A  secretion,  on  the  other  hand,  is 
actually  elaborated  by  the  gland. 


Fig.  5. — Types  of  glands.  A,  Simple  tubular;  B,  coiled  tubular;  C,  branched 
tubular;  D,  simple  alveolar;  E,  simple  branched  alveolar;  F,  compound  branched 
alveolar.     Stippled  or  darkened  areas  are  secreting  portions  of  glands. 


In  its  simplest  form,  a  gland  is  but  a  single  cell  located  on  some 
epithelial  tissue.  The  goblet  cells  found  in  the  intestinal  lining  are 
examples  of  these.  If  the  gland  is  depressed  below  the  secreting  surface, 
a  greater  area  for  secretion  is  made  available.  This  is  a  simple  saccular 
gland..  When  the  gland  has  a  special  duct  extending  from  it  to  the 
surface,  it  may  become  either  saccular  or  tubular  at  the  base.  The  saccu- 
lar type  gland  is  known  as  an  alveolar  gland,  the  other  as  a  tubular  gland. 
Both  of  these  can  become  much  branched ;  then  they  are  known  as  com- 
pound alveolar  or  cofnpoiind  tubular  glands. 

A  simple  type  of  alveolar  gland  is  common  in  the  skin  of  the  frog, 
while  the  oil  glands  and  pancreas  of  man  are  examples  of  compound 
alveolar  ones.  The  sweat  gland  of  the  skin  is  an  excellent  example  of  a 
simple  tubular  gland,  and  the  liver  is  a  complicated  tubular  one. 
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Organs. — Different  tissues  are  grouped  together  to  perform  single 
functions,  and  are  called  organs.  For  example,  the  stomach  contains 
epithelial  tissues,  some  of  which  secrete  digestive  enzymes,  muscular 
tissues  which  cause  movements,  nervous  tissues  which  control  these 
movements,  vascular  tissues  to  carry  food  to  the  cells  and  waste 
products  away,  and  finally  connective  tissues  between  the  various  layers. 
In  fact  all  the  types  of  tissues  except  the  reproductive  ones  are  found 
in  this  one  organ.  Examples  of  other  organs  are  the  brain,  heart,  and 
lungs. 

Organ  Systems. — Organs  concerned  with  a  particular  function  are 
grouped  into  systems.  The  organ  systems  of  higher  animals  are 
as  follows : 


Integumentary : 
Skeletal : 
Muscular : 

Digestive : 
Respiratory : 
Circulatory : 

Nervous : 

Urinary : 

Reproductive : 
Endocrine : 


Skin  and  its  derivatives.     Chiefly  protective  in  function. 

Bones  of  the  body.     Chiefly  supportive  and  protective. 

The  muscles  of  the  body.     Muscles  are  found  attached  to 
bones  and  in  organs  wherever  movements  are  necessary. 

Esophagus,  stomach,  intestine,  and  accessory  glands  and 
structures.  This  system  prepares  food  for  final  use  by 
the  body  cells. 

Lungs  and  accessory  structures.  Oxygen  and  carbon  di- 
oxide are  exchanged  within  the  smaller  structures  of 
the  lungs. 

Blood,  heart,  arteries,  veins,  capillaries,  and  lymphatics. 
This  system  brings  food  and  oxygen  to  the  cells  and  re- 
moves waste  materials. 

Brain  and  associated  nerves.  This  system  coordinates  many 
of  the  activities  of  the  body.  Through  the  sense  organs 
contact  with  the  outer  world  is  maintained. 

Kidneys  and  associated  structures.  By  removal  of  waste 
materials  from  the  blood,  the  urinary  system  is  essential 
in  maintaining  a  favorable  internal  environment. 

Ovaries,  testes,  and  associated  structures.  Important  for  the 
maintenance  of  the  species. 

The  ductless  glands  of  the  body.  With  the  nervous 
system,  this  system  coordinates  the  many  diverse  activities 
of  the  body. 


Each  of  these  systems  will  be  considered  in  detail  later,  but  in  so 
doing,  it  must  be  remembered  that  the  division  of  the  body  into  systems 
is  not  nearly  so  complete  as  this  listing  would  imply.  Actually  all  sys- 
tems work  together  in  such  a  manner  as  to  make  the  organism  into 
a  unified  whole. 


CHAPTER  3 
CLASSIFICATION 


The  first  impression  at  the  beginning  of  any  study  of  zoology  is 
that  of  the  diversity  of  animal  form.  This  diversity  is  evident  in  such 
things  as  color,  size,  shape,  manner  of  life,  and  even  in  the  functioning 
of  the  organism  itself.  While  at  first  this  diversity  seems  important, 
more  careful  study  shows  that  relationships  do  exist  and  that  they  exist 
in  varying  degrees. 

Among  the  more  familiar  animals,  it  is  evident  that  the  dog  and 
cat  are  closely  related.  Both  possess  many  similar  structures,  such 
as  their  distinctive  canine  teeth  for  tearing  meat.  More  distant  rela- 
tives of  these  animals  are  the  fish,  birds,  and  reptiles.  All  these  forms, 
though  quite  different  in  appearance,  have  a  number  of  characteristics 
in  common,  one  of  which  is  the  possession  of  a  backbone. 

If  such  relationships  did  not  exist,  the  task  of  classifying  animals 
would  be  insurmountable,  for  more  than  a  million  different  kinds  are 
known  to  exist  at  present.  The  science  of  the  classification  of  animals 
and  plants  is  known  as  taxonomy  or  systematics,  and  those  individuals 
who  work  in  this  science  are  known  as  taxonomists  or  systematists. 

History.— These  structural  likenesses  among  different  animals  were 
probably  apparent  to  even  earliest  man.  Inasmuch  as  people  almost 
invariably  attempt  to  classify  things,  it  may  well  be  imagined  that  vari- 
ous groups  were  readily  recognized.  The  earliest  records  of  any  real 
attempts  to  classify  animals  are  those  found  among  the  Greeks.  Aris- 
totle, the  most  important  of  these,  lived  from  385  until  322  B.C.  He 
was  intensely  interested  in  the  animals  about  him  and  divided  the  vari- 
ous groups  into  two  main  categories :  the  enainia  or  animals  with  back- 
bones, and  the  anaima  or  those  without  backbones.  He  even  realized 
that  certain  animals  within  these  two  major  groups  could  be  classed  into 
smaller  groupings. 
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This  very  early  attempt  to  classify  animals  lasted  through  a  long 
period  of  the  development  of  biology ;  but  as  soon  as  people  started 
visiting  new  lands  in  the  sixteenth  and  seventeenth  centuries,  it  became 
apparent  that  this  system  was  totally  inadequate.  Soon  many  different 
biologists  were  attacking  this  problem  of  classifying  animals  with  re- 
newed vigor.  Ray,  an  Englishman  who  lived  from  1627  to  1705,  de- 
veloped quite  a  modern  concept  of  the  species  or  kinds  of  animals,  and 
initiated  a  method  of  classifying  and  naming  individual  animals.  Even 
today  our  classification  of  animals  is  based  to  some  extent  upon  Ray's 
work. 

Ray's  work  along  with  that  of  Linnaeus  (1707-1778),  a  Swede, 
actually  laid  the  foundations  of  our  present-day  science  of  taxonomy. 
Linnaeus  classified  not  only  plants  and  animals,  but  also  minerals 
and  diseases.  His  studies  of  the  classification  of  plants  and  animals 
appeared  in  a  series  of  publications  known  as  Systema  Naturae  which 
appeared  between  the  years  1735  and  1758. 

The  usefulness  of  Linnaeus's  system  is  due  to  several  facts.  The 
chief  of  these  was  that  he  disposed  of  the  long  unwieldy  descriptions 
which  former  workers  had  used.  Instead,  he  gave  each  kind  or  species 
of  animal  or  plant  a  specific  name.  This  name  consisted  of  two  por- 
tions:  the  generic  and  specific  names.  The  generic  name  indicated 
the  general  group  to  which  the  individual  belonged  while  the  specific 
name  indicated  the  particular  kind  of  animal  within  the  larger  group. 
This  system,  as  now  used,  is  known  as  binomial  nomenclature,  as  two 
names  are  involved  for  each  kind  of  animal.  Each  name  is  valid  for 
but  one  kind  of  animal. 

The  domestic  cat  may  be  used  as  a  specific  example  to  illustrate 
this  system  of  naming  animals.  Its  complete  name  is  Felis  domestica. 
The  name  domestica  is  specific  for  this  particular  animal;  the  name 
Felis  indicates  that  it  is  related  to  a  large  number  of  other  cats,  including 
Felis  leo,  the  lion. 

The  Rules  of  Taxonomy.— The  naming  of  animals,  of  necessity, 
must  follow  certain  definite  rules  or  only  confusion  would  result. 
Thus  as  mentioned  previously,  each  kind  or  species  of  animal  has  its 
own  name  consisting  of  the  generic  and  specific  names.  These  are 
always  italicized,  and  often  are  followed  by  the  name  of  the  original 
describer.  The  domestic  cat's  name  should  be  fully  written  as  Felis 
domestica  Linnaeus. 
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The  starting  point  of  taxonomy  is  considered  to  be  the  tenth  edition 
(1758)  of  Linnaeus's  Systema  Naturae.  Names  previous  to  that  date 
are  invahd.  Since  the  time  of  Linnaeus,  many  new  species  of  animals 
have  been  described,  and  their  naming  is  determined  by  a  set  of  rules 
known  as  the  International  Rules  of  Zoological  Nomenclature. 

In  describing  a  new  animal,  the  taxonomist  chooses  one  indi- 
vidual which  he  designates  as  the  type.  This  particular  specimen  is 
then  considered  to  be  the  standard  for  this  species.  The  first  name 
given  to  a  species  is  the  valid  name,  providing  that  the  describer  has 
complied  with  various  rules  of  nomenclature.  This  is  known  as  the 
law  of  priority. 

What  Is  a  Species? — The  whole  system  of  classification  is  based 
upon  the  fact  that  definite  kinds  or  species  of  animals  do  exist,  that  is, 
any  one  kind  of  animal  has  a  set  of  characteristics  which  set  it  apart 
from  all  other  animals.  In  general,  a  species  is  considered  to  be  any 
assemblage  of  animals  which  are  in  agreement  so  far  as  most  details 
of  their  anatomy  are  concerned  and  which  interbreed.  A  species  has 
a  constant  recognizable  form  which  clearly  differentiates  it  from  other 
species.  Species  which  resemble  one  another  quite  closely  are  grouped 
as  genera. 

Advantages  of  Scientific  Names.— Scientific  names  are  of  ex- 
treme importance  in  scientific  research.  Unless  exact  names  are  used, 
no  other  worker  can  be  sure  of  the  test  animal  involved  in  an  experi- 
ment. Although  there  are  common  names  for  many  of  the  larger  ani- 
mals, innumerable  small  forms  of  economic  and  biological  importance 

have  no  such  names. 

Common  names,  furthermore,  are  very  carelessly  used.  The  same 
name  as  used  in  different  sections  of  a  country  may  refer  to  an  en- 
tirely different  animal.  Through  much  of  the  United  States  the  scor- 
pion is  an  animal  with  a  sting  in  its  tail,  but  through  the  southern  parts 
of  this  countrv,  this  same  name  refers  to  a  lizard.  Similarly,  a  gopher 
through  the  Middle  West  refers  to  a  small  rodent ;  m  the  Southeast  it 
refers  to  a  burrowing  turtle.  A  scientific  name  can  never  result  m  such 
confusion  for  it  refers  to  but  a  single  species. 

Classifying   Animals.-The   scientific   name   of   an   animal   is   of 
utmost  importance  in   showing  its   immediate   relationships.     But  no 
onlv  does  any  one  kind  of  animal  belong  to  a  genus  -^  ^P--';^ 
belongs  to  other  large  groups.     In  fact,  the  entire  classification  of  any 
one  animal  shows  it  relationships  to  all  other  animals. 
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First  and  largest  of  all  the  categories  is  that  to  which  all  animals 
belong:  the  Animal  Kingdom.  The  Plant  Kingdom,  on  the  other 
hand,  contains  all  the  plants.  In  general,  there  is  little  or  no  difficulty 
in  distinguishing  between  these  two  main  groupings. 

The  next  step  in  the  classification  of  any  animal  is  to  determine 
whether  that  animal  consists  of  but  a  single  cell  or  of  many  cells.  Those 
consisting  of  but  a  single  cell  are  classed  in  the  subkingdom  Protozoa; 
those  with  many  are  in  the  subkingdom  Metasoa. 

Each  of  these  subkingdoms  is  in  turn  divided  into  phyla  (sing. 
=  phylum).  In  general,  the  members  of  the  various  phyla  are  recog- 
nizable without  much  difficulty.  Within  each  phylum  there  are  further 
categories,  each  of  which  becomes  more  restricted  in  its  definition.  For 
example,  consider  man.  He  is  a  member  of  the  phylum  Chordata,  sub- 
phylum  Vertebrata,  due  in  part  to  the  possession  of  a  spinal  column. 
His  body  is  covered  with  hair,  and  this  characteristic  (along  with 
others)  places  him  in  the  class  Mammalia.  Here  he  has  the  company 
of  many  other  familiar  forms :  the  dogs,  cats,  cattle,  rodents,  and 
many  others.  Within  the  class  Mammalia  are  many  different  orders, 
and  man's  order  is  known  as  the  Primates,  whose  members  also  include 
the  lemurs,  monkeys,  and  apes.  In  general,  they  can  all  be  characterized 
by  the  fact  that  the  limbs  are  elongate  and  terminate  in  five  digits 
having  nails,  not  claws.  Within  this  order  are  many  famHies.  Man  is 
in  the  family  Hominidae,  a  family  which  has  but  a  single  living  genus  and 
species,  man  himself,  scientifically  known  as  Homo  sapiens  Linnaeus. 

For  the  sake  of  clarity,  a  chart  showing  the  classification  of  man 
as  well  as  two  other  forms  is  shown  here. 


Kingdom : 

Animal 

Animal 

Animal 

Subkingdom : 

Metazoa 

Metazoa 

Metazoa 

Phylum : 

Chordata 

Chordata 

Arthropoda 

Subphylum : 

Vertebrata 

Vertebrata 

Class : 

Mammalia 

Mammalia 

Insectd 

Order : 

Rodentia 

Primates 

Orthoptera 

Family : 

Muridae 

Hominidae 

Locustidae 

Genus : 

Ratttis  _ 

Homo 

Romalea 

Species : 

norvegicus 

sapiens 

micro  ptera 

Common  name : 

Norway  rat 

Man 

Short-winged 
lubber  grass 
hopper 

The  complete  scientific  name  of  each  of  these  is  thus :  Rattus  nor- 
vegicus Linnaeus,  Homo  sapiens  Linnaeus,  and  Romalea  microptera 
Beauv.  By  careful  observation  of  this  entire  classification,  it  can  be 
noted  that  the  separation  between  man  and  the  rat  occurs  at  the  order 
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level,  while  the  separation  of  these  two  from  the  grasshopper  occurs  at 
the  phylum.  The  relationships  of  these  animals  are  clearly  shown  by 
this  classification. 

Some  Phyla  of  the  Animal  Kingdom. — The  many  different  forms 
of  animal  life  have  been  grouped  into  a  relatively  small  number  of  phyla. 
These  phyla  are  comparatively  clear-cut  groups  which  are  easily  recog- 
nized. In  the  latter  portion  of  this  book,  these  different  phyla  shall  be 
studied  in  greater  detail,  but  at  present  there  shall  be  only  a  brief  survey. 

Protozoa.  The  protozoans.  Single-celled  animals  which  are  included  in  the 
subkingdom  of  the  same  name.    Chapter  20. 

Porifera.  The  sponges.  Attached  animals  which  consist  of  loosely  organized 
cells.  They  live  chiefly  in  the  ocean  and  have  but  few  fresh-water  representatives. 
Chapter  21. 

Coelentcrata.  Hydra,  jellyfish,  corals,  and  sea  anemones.  These  also  live 
chiefly   in  the  ocean,   but   have  a  few   fresh-water   representatives.     Chapter  21. 

Ctenophora.  The  comb  jellies.  These  are  entirely  marine  animals.  Chap- 
ter 21. 

Platyhelminthes.  The  flukes,  tapeworms,  and  planaria.  These  are  the  flat- 
worms,  many  of  which  are  parasitic.    Chapter  22. 

Nemathelminthes.  The  roundworms.  Many  of  this  group  are  parasitic,  but 
the  vast  majority  are  free  living.    They  dwell  in  all  possible  habitats.  •  Chapter  23. 

Annelida.  Earthworms,  leeches,  and  sea  worms.  These  worms  have  seg- 
mented bodies  and  a  body  cavity  lined  with  tissue.    Chapter  24. 

Arthropoda.  Insects,  spiders,  crayfish,  etc.  This  phylum  contains  the  great- 
est number  of  individual  species.    Chapters  26  and  27. 

Mollusca.  Snails,  clams,  squids,  octopuses.  Usually  these  animals  have  shells. 
Chapter  25. 

Echinodermata.  Starfishes  sand  dollars,  sea  urchins,  sea  cucumbers,  crinoids. 
All  marine  forms.     Chapter  28. 

Chordata.  All  higher  animals  that  have  a  strengthening  skeletal  structure 
in  the  back.  This  phylum  includes  man,  his  domestic  animals,  fish,  birds,  etc. 
They  are  found  in  nearly  all  possible  habitats.     Chapters  29,  30,  and  31. 

The  Classes  of  the  Phylum  Chordata.— Since  the  phylum 
Chordata  is  to  be  considered  in  greater  detail  than  the  others,  it  is  well 
to  consider  its  subdivisions.  There  are  two  principal  subgroups :  the 
protochordates,  small  marine  forms  that  are  chiefly  of  interest  because 
they  show  possible  vertebrate  ancestry ;  and  the  vertebrates.  The  mem- 
bers of  the  vertebrates  are  all  included  in  a  single  subphylum,  the  Verte- 
brata.    This  contains  all  the  animals  with  true  backbones. 

The  classes  of  the  vertebrates  are  as  follows : 
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1.  Cyclostomata.  Round-mouthed  fish  with  poorly  developed  backbone.  Ex- 
ample :     lamprey  eel. 

2.  Chondrichthycs.  Cartilage-boned  fish  with  a  true  mouth.  Example: 
shark. 

3.  Osteichthycs.  Fish  which  usually  possess  bony  skeletons.  Examples  :  sun- 
fish,  perch,  trout. 

4.  Amfihibia.  Animals  which  usually  possess  legs,  skin  mostly  without  scales, 
moist,  and  soft.  Typically  with  the  larval  stage  in  water.  Examples :  frog,  sala- 
mander, toad. 

5.  Reptilia.  Skin  with  scales,  eggs  with  well-developed  shell.  Examples : 
snake,  crocodile,  alligator,  turtle,  lizard. 

6.  Avcs.  Animals  with  feathers,  usually  able  to  fly,  with  well-developed  egg. 
Example :     the  birds. 

7.  Mammalia.  Animals  with  hair,  mammary  glands  for  nourishment  of  the 
young.     Examples  :     man,  rat,  cow,  horse. 


SECTION  II 
THE  VERTEBRATE  ORGAN  SYSTEMS 


CHAPTER  4 

THE  FROG:  A  REPRESENTATIVE  VERTEBRATE 


To  most  people,  the  members  of  the  subphylum  Vertebrata  of  the 
phykim  Chordata  are  the  most  interesting  of  animals.  The  reason  for 
this  is  quite  clear :  first  man  is  a  chordate  and  a  vertebrate,  and  sec- 
ond his  important  domestic  animals  are  vertebrates. 

The  vertebrates  are  extremely  numerous  and  diverse  both  in  struc- 
ture and  habit ;  thus  the  problem  of  selecting  one  as  an  example  is 
not  at  all  simple. 

For  many  years,  the  common  grass  frog,  Rana  pipiens,  has  been  a 
very  popular  animal  for  study.  Innumerable  generations  of  students 
have  gained  their  first  knowledge  of  the  structure  and  function  of  verte- 
brates from  this  small  animal.  Rana  pipiens  is  an  excellent  species  for 
study  for  a  number  of  reasons.  First,  the  arrangement  of  its  parts  is 
very  similar  to  that  of  the  land  vertebrates.  On  the  other  hand,  part 
of  the  life  of  this  animal  is  spent  in  water ;  thus  it  shows  many  adapta- 
tions which  are  specific  for  an  aquatic  environment.  Finally,  the  frog 
is  an  animal  of  convenient  size  and  is  easily  obtainable  for  labora- 
tory work. 

Classification.— The  frogs  are  members  of  the  class  of  vertebrates 
known  as  the  Amphibia.  On  the  whole,  these  amphibians  are  compara- 
tively small  and  inconspicuous  forms.  In  former  geologic  tnues,  how- 
ever, the  amphibians  were  much  more  numerous,  and  many  attamed 
a  comparatively  large  size. 
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Rana  pipiens  is  classified  as  follows : 


Phylum : 

Chordata 

Subphylum : 

Vertebrata 

Class : 

Amphibia 

Order : 

Salientia 

Family : 

Ranidae 

Genus : 

Rana 

Species : 

pipiens 

Name: 

Rana  pipiens  Schreiber,  the  leopard  frog  or  grass  frog 

The  genus,  Rana,  has  several  other  members  including  R.  cates- 
beiana,  the  large  bullfrog.  The  arrangement  of  its  body  parts  is  essen- 
tially the  same  as  that  of  R.  pipiens. 

NATURAL  HISTORY  OF  RANA  PIPIENS 

In  early  spring,  a  chorus  of  frog  calls  is  heard  from  every  pond. 
Underlying  the  high-pitched  notes  of  the  peepers  is  the  low-pitched  croak 
of  the  ranas.  Through  much  of  the  United  States,  the  commonest  species 
of  this  genus  is  Rana  pipiens.  Every  pond,  marsh,  and  stream  has  its 
population  of  this  animal.  It  is  a  comparatively  small  frog,  its  body 
being  but  some  three  inches  in  length ;  however,  when  its  long  powerful 
hind  legs  are  extended,  it  appears  much  larger. 

Often  the  leopard  frog  is  difficult  to  see  because  its  color  blends 
so  well  with  the  vegetation  of  its  surroundings.  Its  back  is  olive  green 
in  color,  with  darker  spots  margined  with  white,  while  beneath,  the 
animal  is  white.  The  legs  have  the  same  color  pattern  as  the  body. 
R.  pipiens  can  change  its  color  to  a  slight  degree.  When  it  is  placed 
on  a  light  background,  it  becomes  lighter  in  color ;  on  a  background  of 
dark  material,  its  over-all  color  is  much  darker.  This  change  is  quite 
rapid,  and  undoubtedly  has  protective  value. 

This  species  has  an  extremely  wide  geographic  range.  It  is  found 
from  the  Sierra-Cascades  eastward  to  the  Atlantic  in  the  United  States 
and  from  southern  Canada  through  Mexico  down  to  Panama.  Despite 
this  very  wide  range,  the  individuals  found  show  only  very  slight  varia- 
tions in  either  appearance  or  habit. 

Habits. — Like  the  habits  of  all  other  well-adapted  animals,  those 
of  R.  pipiens  are  well  suited  to  its  environment.  When  the  frog  is 
resting  on  land,  the  front  portion  of  the  body  is  raised  on  the  short 
forelegs.  The  animal  is  thus  in  a  squatting  position  with  the  heavy 
muscular  hindlegs  flexed  for  immediate  escape.  The  least  noise  or  vi- 
bration of  an  approaching  footstep  causes  the  animal  to  leap  rapidly 
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toward  nearby  water.  Once  in  the  water,  it  swims  and  dives  readily. 
Here,  also,  the  hindlegs  provide  the  necessary  propulsion.  As  the 
frog  moves  rapidly  through  the  water,  the  hindlegs  move  in  the  well- 
known  "frog-style  kick."  Between  the  toes  are  webs  which  are  a  great 
aid  in  swimming. 

The  frog  spends  much  of  the  time  squatting  in  moist,  shady  places, 
or  floating  partly  submerged  in  the  water.  When  it  is  partly  sub- 
merged, only  the  eyes  and  part  of  the  head  protrude  from  the  surface. 
This  protects  the  frog  from  being  seen  too  easily  by  some  water  bird 
while  at  the  same  time  it  can  easily  see  any  approaching  danger. 

Certainly  the  frog  needs  all  its  protective  devices,  for  it  is  a  favorite 
article  of  diet  for  a  great  many  animals  including  fish,  snakes,  turtles, 
water  birds,  and  mammals  such  as  the  raccoon.  Perhaps  R.  pipiens' 
chief  enemy  is  man  who  collects  enormous  quantities  for  zoology  and 
physiology  laboratories,  for  food,  and  for  bait. 


Fig.  6. — Life  history  of  Rana  pipiens. 


The  adult  frog  lives  entirely  on  insects  and  their  larvae.  Some 
are  captured  in  the  water,  but  most  are  caught  on  the  marshy  banks. 
Here  R.  pipiens  sits  quietly  waiting  for  an  insect  to  fly  past.  When 
one  does,  the  highly  protrusible  tongue  is  flipped  out  rapidly  and  the 
insect  sticks  to  this  mucus-coated  organ. 

Life  History.— In  late  April  and  early  May,  the  croaks  of  this 
frog  increase  in  volume,  signaling  the  fact  that  this  is  their  matmg 
season.  Only  the  males  are  able  to  make  this  deep  guttural  sound,  and 
it  appears  that  the  croaks  are  useful  chiefly  to  attract  mates. 


When 


50         The   Vertebrate  Organ  Systems 

the  frog  calls,  it  is  usually  lying  half  submerged  in  the  water.  It  takes 
in  a  large  volume  of  air,  then  tightly  closes  the  mouth  and  nostrils. 
The  air  passes  back  and  forth  from  the  lungs  to  the  mouth  over  the 
vocal  chords.  Some  air  goes  into  the  large  vocal  sacs  which  lie  just 
above  each  shoulder.  The  croak  is  repeated  four  or  five  times  as  the 
sac  swells  and  gives  resonance  to  the  croak.  Suddenly  the  air  is 
forced  out  of  the  sac  into  the  lungs. 

The  exact  manner  by  which  the  sexes  recognize  one  another  is 
not  entirely  clear.  Most  male  frogs  will  clasp  any  object  which  is 
about  their  own  size.  If  another  male  frog  is  clasped,  it  will  croak  and 
often  be  released.  The  female  which  is  unable  to  croak  will  continue 
to  be  clasped.  It  has  been  suggested  that  this  is  the  chief  method  of 
recognition.  The  clasping  reflex  is  a  very  strong  one,  and  once  the 
female  is  clasped,  it  is  very  difficult  to  release  the  male.  During  clasp- 
ing, the  shorter  forelegs  of  the  male  encircle  the  female  just  behind 
her  forelegs.  The  swollen  nuptial  pads  on  the  inner  digit  of  the 
male's  forelegs  aid  in  maintaining  this  grip.  The  male  may  remain  in 
this  position  for  several  days  until  the  eggs  are  extruded  by  the  female. 
When  this  occurs,  the  male  discharges  spermatozoa  over  them. 

Each  female  lays  hundreds  of  eggs  which  are  attached  in  masses 
to  grasses  or  twigs.  It  is  probable  that  many  of  these  are  destined 
never  to  hatch.  Many  are  eaten  by  other  animals,  and  some  fail  to 
develop.  When  laid,  the  egg  masses  are  quite  small,  about  one  to  two 
inches  across.  Soon  the  jelly  mass  surrounding  the  eggs  absorbs  water 
and  swells  up  to  a  mass  of  some  three  to  five  inches. 

The  upper  surface  of  each  egg  is  dark  in  color  while  the  under 
surface  is  lighter.  This  darker  upper  surface  probably  aids  in  ab- 
sorbing the  heat  of  the  somewhat  chilly  spring  days.  Development  of 
the  embryo  proceeds  at  a  rate  which  is  determined  by  the  air  and 
water  temperature. 

Before  hatching,  the  young  larvae  or  tadpoles  can  be  seen  moving 
about  in  the  gelatinous  mass.  When  hatched,  the  tiny  tadpole  or 
"polliwog"  has  an  oval-shaped  head  and  body,  a  slender  tail,  and  horny 
jaws.  These  jaws  are  useful  for  the  scraping  of  tiny  fragments  of 
algae  from  plant  stems.  The  larvae  respire  by  means  of  three  pairs  of 
external  gills.  As  growth  occurs,  the  external  gills  are  gradually  re- 
placed by  internal  gills  below  the  gill  slits.  Gradually  the  hind  legs 
start  appearing  but  the  forelegs  are  still  invisible  below  a  membrane 
on  the  under  surface  of  the  body.  As  the  gills  disappear  and  the  lungs 
begin  functioning,  the  frog  is   forced   to   seek   shallower   water  where 
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it  can  gulp  down  air.  This  strange  froglike  animal  lives  near  the  edge 
of  the  pond  until  the  gills  and  tail  are  absorbed.  Accompanying  the 
more  obvious  external  changes  are  important  internal  ones,  including 
the  shortening  of  the  intestine.  The  tadpole  needs  the  much  elongated 
intestine  to  handle  its  vegetable  diet,  while  the  adult,  which  is  carnivo- 
rous, needs  only  a  short  one.  The  young  frog  soon  is  foraging  about 
the  banks  for  insects. 

As  cold  weather  approaches  in  the  fall,  the  frogs  go  into  the  deeper 
water  of  ponds.  Here  they  burrow  into  the  soft  mud  or  crawl  under 
trash.    In  this  manner  they  pass  the  winter  in  a  state  of  hibernation. 

USEFUL  TERMS 

In  describing  a  detailed  anatomy  of  any  animal,  it  is  necessary  to 
use  certain  terms  for  indicating  the  relationships  of  the  various  parts. 
Some  of  these  terms  are  listed  here : 

Dorsal :  Toward  the  back. 

Ventral :  Away  from  the  back. 

Anterior:  Toward  the  head  or  front. 

Posterior :  Away  from  the  head  or  front. 

Cephalic  or  cranial :       Toward  or  pertaining  to  the  head. 

Caudal :  Toward    or  pertaining  to  the  tail. 

Medial :  Toward  the  middle  of  the  body. 

Lateral :  Toward  the  right  or  left  side  of  the  body. 

Proximal :  Toward  the  point  of   attachment  of  a  part  to  the  mam 

body  mass. 
Distal:  Away  from  the  point  of  attachment  of  a  part  to  the 

main  body  mass. 

Various  cuts  or  divisions  are  often  made  better  to  see  the  relation- 
ships of  parts  to  one  another.  These  cuts  or  planes  of  division  are 
named  as  follows : 

Median  or  sagittal  plane :   Plane  dividing  the  body  into  right  and  left  halves 
Frontal   plane:  Plane  parallel  to  dorsal    (or  ventral)    surface  and 

at  right  angle  to  median  plane. 
Transverse   plane:  A  plane  crossing  the  long  axis  of  the  body  and  at 

right  angles  to  both  the  median  and  frontal 

planes. 

EXTERNAL  ANATOMY 

The  body  of  Rana  pipiens  (Fig.  7)  is  composed  of  two  main  re- 
gions:  the  head  znd  trunk.  The  head  is  joined  directly  to  the  trunk, 
for  no  neck  is  present.  There  are  two  pairs  of  limbs  attached  to  the 
trunk  •  the  short  forelimbs  and  the  long,  muscttlar  hmdhmhs.  Extend- 
ing caudally  from  the  eye  region  are  two  lateral  folds  or  thickenmgs. 
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These  are  usually  lighter  in  color  than  the  rest  of  the  dorsum.  At  the 
anteriormost  portion  of  the  head  is  the  large  transverse  mouth;  at  the 
posterior  portion  of  the  body  is  the  anus.  There  is  no  tail  in  the 
adult  frog. 


Fig.  7. — The  leopard  frog,  Rana  pipiens,  showing  regions. 
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Fig.  8. — Explanation  of  planes  or  cuts  possible  for  study. 


The  Head  Region. — Near  the  tip  of  the  snout  above  the  mouth 
are  two  small  openings,  the  external  nares  or  nostrils.  Air  passes 
through  these  during  respiration.  On  the  dorsal  lateral  portion  of  each 
side  of  the  head  is  the  large  eye.  Each  eye  is  protected  by  an  upper 
and  lower  eyelid.  When  these  are  closed,  the  eye  is  retracted  into  the 
mouth  cavity.  Further  protection  is  given  to  the  eye  by  the  third 
eyelid,  the  nictitating  membrane,  which  is  located  at  the  corner  of  the 
eye  and  moves  transversely  across  the  eyeball.  This  eyelid  is  trans- 
parent and  may  be  seen  as  it  flicks  rapidly  across  the  eye.  Posterior 
to  each  eye  is  a  flat  circular  membrane,  the  eardrum,  or  tympanic  mem- 
brane. Sound  waves  strike  this  membrane  and  the  vibrations  are  trans- 
mitted into  the  inner  ear. 

Appendages. — Attached  to  the  ventral  lateral  portion  of  the  trunk 
are  the  two  pairs  of  legs.  The  forelegs  are  very  short ;  each  is  com- 
posed of  an  upper  arm,  forearm,  wrist,  and  hand.     The  hand  has  four 
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well-developed  digits  or  fingers  and  a  small  rudimentary  thumb.  The 
palm  of  the  hand  has  various  tubercles  on  it.  During  the  breeding 
season,  the  inner  digit  of  the  male  has  a  thickened  ridge,  the  nuptial  pad, 
which  aids  in  clasping  the  female  during  copulation. 

The  hind  legs  are  long  and  powerful.  Each  consists  of  a  thigh, 
joreleg,  ankle,  and  joot.  The  foot  has  five  long  slender  toes  connected 
by  thin  webs  which  aid  in  swimming. 

MOUTH  CAVITY 

When  the  broad  upper  and  lower  jaws  are  opened,  the  large 
mouth  or  buccal  cavity  (Fig.  9)  is  visible.  Posteriorly  this  cavity 
narrows  to  form  the  pharynx.  Near  the  anterior  portion  of  the  roof 
of  the  mouth  are  the  openings  of  the  internal  nares  which  are  continu- 
ous with  the  external  nares  and  permit  the  passage  of  air  into  the 
mouth.  Just  posterior  to  the  nares  are  the  large  depressions  into  which 
the  eyeballs  fit.  Behind  each  eye  and  near  the  corner  of  the  mouth  are 
the  Eustachian  tubes.  Each  tube  passes  to  the  corresponding  middle 
ear  which  opens  behind  the  eardrum.  These  tubes  function  to  equalize 
air  pressure  on  both  sides  of  the  drum. 
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Fig.  9. — Mouth  cavity  of  the  male  bullfrog. 


Between  the  internal  nares  and  the  eyes  are  two  patches  of  teeth, 
the  vomerine  teeth.  Along  the  entire  upper  jaw  are  the  fine  conical, 
maxillary  teeth.     Both  these  sets  of  teeth  function  only  to  hold  food, 

not  to  chew  it. 

On  the  floor  of  the  mouth,  the  most  conspicuous  structure  is  the 
tongue.     This   organ   is   flattened,    rather   fleshy,   and   attached   at   its 
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anterior  end.  The  posterior  end  is  free  and  notched,  and  is  rapidly 
extended  to  catch  insects.  This  end  is  coated  with  mucus  which  aids 
in  holding  any  captured  prey.  Taste  buds  are  scattered  over  the  sur- 
face of  the  tongue. 

Behind  the  tongue,  in  the  pharynx,  is  a  median  ventral  slit,  the 
glottis.  The  glottis  opens  into  the  larynx  which  in  turn  leads  into  the 
lungs.  The  vocal  cords  are  located  in  the  larynx.  On  either  side  of 
the  glottis  are  fleshy  folds  which  close  when  food  is  being  swallowed, 
but  open  to  let  air  into  the  lungs  during  respiration.  Posteriorly  the 
pharynx  narrows  and  continues  as  the  esophagus  of  the  digestive  tract. 

THE  INTEGUMENTARY  SYSTEM 

The  skin  of  the  frog  unlike  that  of  many  other  vertebrates  is  only 
loosely  attached  in  a  few  areas  to  the  underlying  tissues.  It  is  quite 
thin  and  must  be  kept  moist  as  the  frog  relies  upon  it  for  much  of  his 
necessary  respiratory  exchange.  A  rich  supply  of  blood  vessels  makes 
possible  this  dermal  respiration. 

Histologically  the  skin  consists  of  two  main  divisions :  the  outer 
epidermis  and  the  inner  dermis  or  corium.  The  epidermis  consists  of 
two  main  layers.  The  outer  one  is  formed  of  flattened  squamous  epi- 
thelial cells  and  is  called  the  stratum  cornemn.  Below  this  is  a  transi- 
tional layer  consisting  of  cuboidal  cells.  This  layer  in  turn  merges 
into  the  innermost  layer,  the  stratum  germinativum,  which  is  formed  of 
columnar  epithelial  cells.  Periodically  the  outermost  layer  is  sloughed 
ofif.  The  cells  of  the  stratum  germinativum  are  continuously  dividing 
to  replace  this  outer  layer. 

The  dermis  likewise  consists  of  two  main  layers.  The  outer  one, 
the  stratum  spongiosum,  is  composed  of  loose  connective  tissue  con- 
taining pigment  cells  and  various  glands.  The  connective  tissue  of 
the  inner  layer,  the  stratum  compactum,  is  densely  packed  and  contains 
blood  vessels,  nerves,  and  some  muscle  cells. 

To  a  great  extent  the  skin  of  the  frog  is  kept  moist  by  numerous 
small  mucous  glands  which  are  located  in  the  dermis  and  which  open 
to  the  outside  through  short  ducts.  Also  located  in  the  dermis  are  a 
small  number  of  large  poison  glands  that  are  able  to  discharge  an  irri- 
tating secretion.  All  the  glands  are  fiask-shaped  and  have  muscle  fibers 
at  their  bases  for  forcing  out  the  secretions.  The  mucous  glands  which 
help  to  keep  the  frog  slippery  and  the  poison  glands  which  make  him 
distasteful  undoubtedly  are  of  aid  in  helping  this  animal  to  slip  from 
the  grasp  of  would-be  diners. 
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The  color  of  the  skin  of  the  frog  is  due  to  several  different  struc- 
tures. Located  in  the  epidermis  are  scattered  pigment  granules.  Within 
the  dermis  are  special  pigment  cells,  the  chromatophores.  These  chrom- 
atophores  are  of  two  different  types:  those  having  black  or  brown 
pigment  and  those  having  red  or  yellow.  Other  cells  contain  whitish 
crystals.  The  over-all  greenish  color  of  the  animal  is  due  to  the 
fact  that  the  pigments  absorb  some  colors  and  reflect  others  and  to 
the  interference  of  the  white  crystals.  The  general  coloration  of  the 
animal  may  be  either  light  or  dark,  depending  upon  the  color  of  the 
background.  When  the  pigment  within  the  chromatophores  contracts, 
the  color  becomes  light ;  when  they  expand,  the  color  becomes  dark. 
This  color  change  apparently  is  mediated  through  the  eyes  although  the 
skin  has  been  shown  to  respond  directly  to  light. 
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Fig.  10. — Section  of  skin  of  frog. 


THE  SKELETAL  SYSTEM 

Like  that  of  all  the  other  vertebrates,  the  skeleton  (Fig.  11)  of 
the  frog  forms  a  supporting  structure  for  the  entire  body.  Not  only 
does  it  protect  the  softer  organs,  but  it  also  provides  surfaces  for 
muscular  attachment.  Principally  the  skeleton  consists  of  two  main 
portions :  the  axial  skeleton  consisting  of  the  skull,  vertebral  column, 
and  sternum ;  and  the  appendicular  composed  of  the  girdles  and  their 
appendages. 

The  Axial  Skeleton.— The  anterior  portion  of  the  axial  skeleton 
is  the  skull,  which  protects  the  brain  and  sense  organs.  The  skull  of 
the  frog  is  quite  flattened  with  a  small,  narrow  cranium  that  contains 
the  brain.     Lateral  to  this  cranium  are  the  large  orbits  that  surround 
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the  eyes  and  the  capsules  that  contain  the  ears.    Anterior  to  the  cranium 
are  small  capsules  that  protect  the  nose. 

The  roof  of  the  cranium  is  composed  of  the  frontoparietal  bones; 
lateral  and  posterior  to  these  are  the  prootic  bones  that  contain  the 
ears.  The  ventral  surface  is  formed  by  the  central  parasphenoids  and 
the  vomers  which  bear  the  vomerine  teeth.  The  posterior  wall  of 
the  nasal  cavity  is  formed  by  the  sphenethmoid.  Protecting  the  nasal 
cavity  dorsally  are  the  nasals. 
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Fig.  11. — Dorsal  view  of  skeleton  of  bullfrog. 

Just  posterior  to  the  prootics  are  the  exoccipitals.  Each  of  these 
bears  a  rounded  posterior  projection,  the  occipital  condyle,  which 
fits  into  a  depression  in  the  first  vertebra.  This  arrangement  allows 
movements  of  the  frog's  head.  Between  the  occipital  condyles  is  a 
large  opening,  the  foramen  magnum.  Through  this  opening,  the  pos- 
terior portion  of  the  brain  passes  into  the  spinal  cord. 

The  jaws,  which  in  the  adult  are  part  of  the  skull,  have  their 
origin  from  other  embryological  structures.  In  the  embryo,  these 
were  formed  as  arches  in  the  pharyngeal  region.  They  are  known  as 
the  visceral  skeleton  because  of  this  origin.  The  entire  visceral  skele- 
tdn  in  the  adult  frog  consists  of  the  jaws,  cartilages  of  the  larynx, 
the  ear  bones,  and  the  hyoid  arch  which  supports  the  tongue.     The 
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upper  jaw  (Fig.  12)  is  composed  of  three  pairs  of  bones:  the  pre- 
maxillae,  the  maxillae,  and  the  quadrat ojugals.  The  first  two  bear  the 
teeth.  The  lower  jaw  is  formed  on  each  side  of  a  pair  of  cartilaginous 
rods  known  as  Meckel's  cartilage  which  are  enclosed  by  the  paired 
dentary  and  angulosplenial  bones.  Attaching  the  jaws  to  the  cranium 
are  the  squamosals,  the  pterygoids  and  the  palatines. 
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Fig.  12. — Ventral  view  of  skull  of  bullfrog. 
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Fig.  13.— Lower  jaw  and  hyoid  of  the  bullfrog. 

The  vertebral  column  of  the  frog  consists  of  nine  separate  verte- 
brae which  terminate  in  a  long,  relatively  thin  urostyle.  This  column 
of  vertebrae  is  quite  different  from  that  of  most  other  vertebrates  as 
it  is  very  short  and  scarcely  flexible.  Each  vertebra  is  similar  to 
every  other  one.  Each  consists  of  a  heavy  ventral  centrum  and  a 
dorsal  neural  arch  which  terminates  in  a  short  spine.  The  spinal  cord 
passes  through  the  neural  arches.  On  either  side  of  each  vertebra  is 
a  broad  transverse  process  for  muscle  attachment.  On  each  end  of 
the  individual  vertebra  is  a  pair  of  articulating  processes,  the  .^ja- 
pophyses  that  join  the  vertebrae  to  one  another.     No  ribs  are  present. 
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The  Appendicular  Skeleton. — The  appendicular  skeleton  of  the 
frog  consists  of  two  girdles  and  the  bones  of  the  fore-  and  hindlimbs. 
The  anterior  or  pectoral  girdle  is  C-shaped  and  is  attached  to  the 
vertebrae  simply  by  muscles.  On  either  side  there  is  a  broad  dorsal 
suprascapula,  a  narrow  lateral  scapula,  a  ventral  clavicle,  and  a  wide 
coracoid.  The  coracoid  joins  to  the  midventral  sternum  or  breast- 
bone. Both  the  sternum  and  the  suprascapula  are  formed  chiefly  of 
cartilage.  The  scapula  contains  a  depression,  the  glenoid  fossa,  into 
which  the  forelimb  articulates.  The  forelimb  consists  of  a  humerus, 
radio-ulna,  carpals,  metacarpals,  and  the  phalanges. 

The  posterior  or  pelvic  girdle  is  more  strongly  articulated  to  the 
vertebral  column  than  is  the  pectoral  girdle.  It  bears  the  support  of 
the  entire  animal.  The  girdle  itself  is  a  V-shaped  structure  consisting 
of  three  bones  on  either  side  :  the  long  ilium,  the  short  posterior  ischium, 
and  the  ventral  pubis.  The  ilium  articulates  to  the  vertebral  column 
by  means  of  exceptionally  long  transverse  processes  on  the  ninth  vertebra. 
At  the  junction  of  these  three  bones  of  the  girdle  is  a  socket,  the 
acetabulum.  The  head  of  the  femur  of  the  hindlimb  articulates  with 
this  socket.  The  bones  of  the  hindlimb  consist  of  the  long  heavy  femur, 
the  tibio-fibida,  the  tarsals,  metatarsals,  and  the  phalanges. 

THE  MUSCULAR  SYSTEM 

Like  all  other  animals  that  move  about  constantly  in  search  of 
food  or  in  order  to  escape  enemies,  the  frog  has  a  well-developed  mus- 
cular system. 

From  both  a  histological  and  functional  point  of  view,  three  sep- 
arate types  of  muscles  are  recognizable.  The  first  of  these,  cardiac, 
are  found  only  in  the  heart.  These  muscle  fibers  are  branched.  The 
second  important  type  are  the  smooth  or  nonstriated  muscles  which  are 
found  throughout  the  visceral  organs.  These  muscles  are  not  under 
conscious  control,  but  are  very  important  for  the  bringing  about  of 
many  movements  such  as  the  passage  of  food  down  the  digestive 
tract.  The  third  class  of  muscles,  the  skeletal  or  striated  muscles, 
are  the  large  muscles  which  are  responsible  for  all  conscious  movements. 
In  general,  it  can  be  stated  that  muscles  of  some  type  are  found  wher- 
ever movements  are  needed. 

The  individual  muscle  fibers  are  about  4  to  5  cm.  long  and 
are  bound  together  by  means  of  connective  tissue  into  the  muscles. 
Generally  the  skeletal  muscles  are  attached  by  either  one  or  both  ends 
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to  a  bone.  They  may  be  of  different  shapes :  some  are  flat  sheets, 
some  are  spindle-shaped,  and  still  others  are  long  and  bandlike,  and 
a  few  have  the  fibers  in  a  circular  manner  to  form  sphincters.  Muscles 
are  often  attached  to  bones  by  means  of  heavy  strands  of  connective 
tissue  known  as  tendons. 


VENTRAL 


DORSAL 


Fig.  14.— Superficial  muscles  of  the  bullfrog. 
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Movement  of  parts  can  be  brought  about  only  by  contraction ;  thus 
muscles  work  in  pairs  known  as  antagonistic  groups.  If  one  group  of 
muscles  bends  a  joint,  another  must  straighten  it. 

Inasmuch  as  the  muscular  system  of  mammals  is  discussed  in 
detail  later,  it  will  be  sufficient  here  to  point  out  some  of  the  more 
conspicuous  muscles  of  the  frog. 

Along  the  ventral  side  of  i:he  trunk  is  the  large  rectus  abdominis. 
It  is  opposed  in  its  action  by  the  large  muscle  of  the  back,  the  longis- 
simus  dorsi.  These  two  muscles  are  important  in  maintaining  the 
typical  posture  of  the  frog.  The  rectus  abdominis  extends  along  the 
entire  ventral  surface.  When  it  contracts,  the  head  is  bent  downward 
and  forward.  The  longissimus  dorsi,  running  along  the  backbone  from 
the  skull  to  the  sacrum,  contracts  to  bend  the  head  and  shoulders 
upward.  A  long  sheet  of  muscle  extends  along  the  sides  of  the  body 
from  the  back  of  the  forelimbs.  This  is  the  external  oblique.  When 
these  three  muscles  act  together,  croaking,  egg  laying,  etc.,  are  made 
possible. 

GENERAL  INTERNAL  ANATOMY 

If  the  ventral  surface  of  the  frog  is  slit  open,  the  large  body  cavity 
or  coelom  is  visible.  This  coelom  is  lined  with  a  smooth,  shiny  mem- 
brane, the  peritoneum.  That  portion  of  the  peritoneum  lining  the  body 
wall  is  the  parietal  peritoneum,  and  that  covering  the  internal  organs 
is  the  visceral  peritoneum.  This  peritoneum  is  continuous  with  the 
two  regions  being  connected  by  double  layers  of  the  same  tissue  which 
are  known  as  mesenteries.  These  mesenteries  support  the  internal 
organs. 

Within  the  coelom  are  many  different  organs  which  are  collec- 
tively known  as  the  viscera.  The  anterior  portion  of  the  coelom  is 
occupied  by  the  heart  and  lungs.  Surrounding  the  heart  is  a  thin, 
tough  membrane,  the  pericardium.  Posterior  to  the  paired  saclike 
lungs  is  the  large,  lobed  liver  with  the  saclike  gall  bladder  between  the 
right  and  middle  lobes.  The  gall  bladder  is  dark  green  in  color  due 
to  the  bile  stored  in  it. 

The  greater  portion  of  the  digestive  tract  is  easily  seen.  Dorsal 
to  the  heart  is  the  short  esophagus  which  enters  the  elongated  curved 
stomach.  Leading  from  the  stomach  is  the  long,  coiled,  slender  small 
intestine  which  finally  enters  the  short  wide  large  intestine.  Near 
the  stomach  is  the  slender  white  pancreas,  and  just  behind  it  is  the  small 
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spherical  spleen.  This  latter  organ  is  dark  red  in  color  due  to  the 
amount  of  blood  stored  in  it. 

Dorsal  to  the  ventral  visceral  organs  are  the  sex  organs.  In  the 
female  there  are  two  ovaries.  At  times  these  are  very  large  and  filled 
with  dark  spherical  eggs.  When  this  condition  occurs,  the  ovaries  may 
fill  all  the  spaces  of  the  coelom  and  even  displace  the  other  organs.  The 
female  also  has  two  twisted  oviducts  that  are  located  along  the  dorsal 
wall  of  the  coelom. 

The  male  has  two  small  dorsal  testes.  Each  one  has  jat  bodies 
connected  to  it.  These  are  conspicuous  yellow  structures  that  are 
very  much  branched. 

Dorsal  to  the  sex  organs  and  lying  back  of  the  peritoneum  is  a 
pair  of  dark,  elongate  bodies,  the  kidneys.  The  urinary  ducts  from 
the  kidneys,  the  ducts  that  carry  the  sex  products,  and  the  large  in- 
testine all  open  into  a  posterior  chamber,  the  cloaca.  The  cloaca  in 
turn  opens  to  the  outside  through  the  anus.  Opening  from  the  cloaca 
is  a  small  ventral,  thin-walled  sac,  the  urinary  bladder. 

THE  DIGESTIVE  SYSTEM 

The  digestive  system  (Fig.  15)  of  the  frog  is  essentially  a  tube 
modified  in  different  regions  for  particular  functions.  The  tract  be- 
gins in  the  frog's  mouth  where  food  is  first  taken  in.  The  tongue  and 
teeth  play  an  important  role  in  capturing  and  securing  the  food.  Swal- 
lowing of  the  food  is  made  possible  by  the  raising  of  the  floor  of  the 
mouth.  During  swallowing  the  eye  balls  are  depressed  and  help  to 
push  the  food  back  into  the  pharynx.  From  the  pharynx,  the  food 
passes  through  the  short  esophagus  into  the  stomach. 

The  anterior  end  of  the  stomach  is  known  as  the  cardiac  region 
due  to  its  proximity  to  the  heart.  The  posterior  end  is  the  pyloric 
region,  and  is  separated  from  the  small  intestine  by  the  muscular  pyloric 
valve.  When  food  is  sufficiently  digested,  it  passes  through  this  valve 
into  the  small  intestine.  The  anterior  part  of  the  small  intestine  ex- 
tending from  the  stomach  to  the  first  backward  curve  is  known  as 
the  duodenum.  The  remainder  of  the  small  intestine  is  much  coiled 
and  is  called  the  ileum.  Within  the  small  intestine,  digestion  is  com- 
pleted and  the  food  is  absorbed.  Posterior  to  the  small  intestine  is 
the  large  intestine  or  rectum  which  opens  into  the  cloaca.  Undigested 
remains  of  food  pass  into  the  cloaca  from  where  they  are  expelled 
as  jeces. 
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Throughout  the  digestive  tract,  various  enzymes  reduce  the  food 
to  absorbable  forms.  The  chief  digestive  glands  are  the  liver  and 
pancreas.  Their  products  enter  the  duodenum  through  the  common 
bile  duct. 
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Fig.  15. — The  digestive  system  of  the  bullfrog.     The  lower  jaw  has  been  removed. 


THE  RESPIRATORY  SYSTEM 

For  respiration,  the  adult  frog  relies  on  its  lungs,  mucous  mem- 
branes of  the  mouth,  and  moist  skin.  The  lungs  are  small  saclike 
structures  with  but  a  few  folds  for  increasing  the  surface  area.  Within 
these  folds  are  the  small  chambers  or  alveoli  which  are  supplied  with 
capillaries. 

For  pumping  the  air  in  and  out  of  the  lungs,  the  frog  lacks  the 
specialized  chest  muscles  of  mammals.  Instead  it  must  literally  swal- 
low its  air.  When  air  is  brought  in  through  the  external  nares,  the 
glottis  is  closed  and  the  mouth  cavity  is  increased  in  size  by  depress- 
ing the  floor.  To  get  air  into  the  respiratory  system,  the  external 
nares  close,  the  mouth  cavity  decreases  in  size,  and  the  glottis  opens. 
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These  two  combinations  of  action  force  the  air  through  the  glottis 
into  the  larynx  or  voice  box.  From  the  larynx,  the  air  passes  through 
two  short  tubes,  the  bronchi,  into  the  lungs.  The  air  is  forced  out  of 
the  lungs  by  contractions  of  the  muscles  of  the  body  wall. 

In  the  larynx  there  are  two  elastic  bands,  the  vocal  cords.  When 
air  is  forced  out  of  the  lungs  over  these  bands,  they  vibrate  to  pro- 
duce the  typical  croaking  noise  of  the  frog.  In  the  male,  the  special 
vocal   sacs   add   resonance   to   this   croak. 

The  lungs  are  so  inefficient  that  the  frog  would  soon  suffocate  if 
it  depended  upon  them  entirely  for  respiratory  exchange.  Most  gase- 
ous exchange  takes  place  through  the  thin  moist  skin.  The  moist 
inner  lining  of  the  frog's  mouth  is  also  used  for  this  exchange.  Much 
of  the  air  coming  into  the  mouth  never  passes  into  the  lungs,  rather 
it  simply  goes  in  and  out  of  the  nares  with  the  moist  membranes  of 
the  mouth  acting  as  the  medium  of  exchange. 

THE  CIRCULATORY  SYSTEM 

The  delivery  of  oxygen  and  food  to  all  parts  of  the  body  and  the 
removal  of  waste  products  is  made  possible  by  the  circulatory  system. 
The  blood  is  the  medium  of  this  transport,  and  is  carried  through 
the  body  in  a  series  of  tubes.  The  heart  is  the  central  pumping 
mechanism. 

The  Heart. — The  heart  is  located  in  the  anterior  part  of  the 
coelom  and  is  surrounded  by  the  thin,  but  tough,  pericardium.  It  is 
composed  of  a  series  of  connected  chambers:  on  the  dorsal  portion 
of  the  heart  is  the  triangular,  thin-walled  sac,  the  sinus  venosus;  on 
either  side  of  the  heart  are  the  paired  thin-walled  auricles  which  are 
separated  from  one  another  by  a  median  septum;  the  most  conspicu- 
ous structure  is  the  heavy,  muscular  ventricle  from  which  the  truncus 
arteriosus  originates. 

Between  these  chambers  are  various  valves  which  prevent  the 
backflow  of  blood.  Between  the  auricles  and  the  ventricles  are  the 
auricular-ventricular  valves.  The  work  of  these  valves  is  made  possible 
by  a  series  of  special  papillary  muscles  on  the  walls  of  the  muscular 
ventricle.  These  are  attached  by  long  cords,  the  chordae  tendineae, 
to  the  valves.  The  base  of  the  truncus  arteriosus  is  guarded  by  a 
valve  consisting  of  three  pocketlike  flaps,  the  semilunar  valves;  within 
the  truncus  itself  is  a  special  valve,  the  spiral  valve,  which  has  the 
function  of  directing  the  blood  as  it  leaves  the  heart. 
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As  blood  is  returned  to  the  heart,  it  passes  through  the  sinus 
venosus  into  the  right  auricle.  From  the  right  auricle  it  passes  into 
the  ventricle  and  out  through  the  truncus  arteriosus.  The  contractions 
of  the  ventricle  and  truncus  force  the  blood  through  the  pulmo-cutaneous 
artery  to  the  skin  and  lungs  where  it  is  aerated.  This  blood  is  re- 
turned from  the  lungs  via  the  pulmonary  vein  to  the  left  auricle  and  from 
the  skin  by  the  cutaneous  vein  to  the  sinus  venosus ;  the  blood  from  the 
lungs  enters  the  ventricle,  but  this  time  it  is  pumped  through  the  truncus 
arteriosus  into  the  arteries  leading  to  the  main  part  of  the  body.  There 
are  thus  two  chief  routes  of  circulation :  one  to  and  from  the  skin  and 
lungs,  the  other  to  and  from  the  body.  The  first  is  known  as  the  pulmo- 
cutaneous  circulation,  the  second,  as  the  systemic. 

A  short  distance  from  the  point  at  which  it  leaves  the  heart,  the 
truncus  arteriosus  splits  into  two  main  branches.  Each  of  these 
branches  almost  immediately  divides  into  three  separate  aortic  arches: 
a  posterior  branch,  the  pulmo-cutaneous  artery,  leading  to  the  skin  and 
lungs  ;  a  middle  one,  the  systemic  or  aortic,  leading  to  the  legs  and  trunk ; 
and  an  anterior  one,  the  carotid,  leading  to  the  head. 

Since  the  blood  from  both  paths  of  circulation  must  pass  through 
the  ventricle  and  the  truncus  arteriosus,  it  would  at  first  appear  that 
a  great  deal  of  mixing  of  oxygenated  and  unoxygenated  blood  must 
occur.  This  is  prevented  to  a  great  extent  by  some  specialized  struc- 
tures, including  the  pitted  surface  of  the  ventricle  and  the  spiral 
valve  of  the  truncus  arteriosus.  Both  auricles  contract  simultaneously 
to  pump  their  contents  into  the  ventricle.  The  blood  remains  but  a 
short  time  in  this  chamber,  so  a  minimum  amount  of  mixing  occurs. 
The  nature  of  the  wall  also  may  help  to  prevent  mixing.  The  unoxy- 
genated blood  from  the  right  auricle  is  nearest  the  exit  of  the  truncus 
arteriosus  and  thus  is  the  first  to  leave.  It  freely  passes  along  the 
surface  of  the  spiral  valve  into  the  first  available  opening,  the  entrance 
to  the  pulmo-cutaneous  arch.  When  this  arch  is  filled,  the  truncus 
arteriosus  contracts.  This  brings  its  ventral  wall  into  contact  with 
the  spiral  valve  and  seals  off  the  pulmo-cutaneous  arch.  The  blood  which 
is  now  leaving  the  ventricle  is  from  the  left  auricle  and  is  aerated.  It 
is  forced  into  the  aortic  and  carotid  arches. 

The  Arterial  System. — Arteries  are  the  heavy-walled  blood  vessels 
which  carry  the  blood  away  from  the  heart.  Usually  the  blood  carried 
by  the  arteries  has  a  heavy  load  of  oxygen.    There  is  but  one  exception 
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to  this :     the  pulmo-cutaneous  artery  which  carries  unoxygenated  blood 
from  the  heart  to  the  skin  and  lungs. 

Soon  after  leaving  the  heart,  the  truncus  arteriosus  branches  into 
three  main  arteries  on  either  side:  the  carotid,  the  systemic,  and  the 
pulmo-cutaneous.     The  systemic  arch  of  each  side  curves  dorsally  and 
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Fig.  16. — The  arterial  system  of  the  bullfrog. 

posteriorly.  These  two  arches  join  to  form  the  large  dorsal  aorta. 
Before  these  arches  join,  each  gives  off  several  arteries,  including  the 
subclavian  which  supplies  the  forelinibs.  The  first  important  artery 
arising  from  the  dorsal  aorta  is  the  coeliaco -me  sent  eric  which  divides  into 
the  mesenteric  and  the  coeliac  or  gastric.     The  mesenteric  supplies  the 
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spleen,  intestine,  and  cloaca ;  the  coeliac  supplies  the  stomach,  liver,  and 
pancreas.  Posterior  to  the  coeliaco-mesenteric  artery,  the  dorsal  aorta 
gives  off  several  small  arteries  which  supply  the  kidneys  and  gonads. 
Finally  the  dorsal  aorta  divides  into  the  two  common  iliacs,  which  con- 
tinue into  the  legs  as  the  sciatic  arteries. 

The  head  region  is  supplied  by  branches  from  the  carotid  arches, 
or  as  they  are  often  called,  the  common  carotids.  This  blood  vessel 
divides  into  the  external  and  internal  carotids.  Branches  from  the  ex- 
ternal carotid  supply  the  tongue  and  neighboring  muscles,  while  branches 
from  the  internal  supply  the  brain,  the  eyes,  and  the  roof  of  the 
mouth.  At  the  point  where  the  branching  of  the  common  carotid  occurs 
is  a  swelling,  the  carotid  gland,  which  helps  maintain  an  even  blood 
flow. 

The  Capillaries. — The  arteries  branch  and  gradually  become 
smaller,  finally  terminating  in  the  tiny,  thin-walled  blood  vessels  known 
as  the  capillaries.  The  walls  of  these  blood  vessels  are  so  very  thin 
that  materials  in  the  blood  can  easily  diffuse  out  to  the  body  cells.  In 
turn,  waste  materials  can  diffuse  into  the  blood.  Capillaries  occur  in 
tremendous  numbers  throughout  all  parts  of  the  body.  As  these  start 
converging,  larger  vessels  are  formed  which  ultimately  become  the  veins. 

The  Venous  System. — The  veins  are  the  blood  vessels  which  carry 
the  blood  back  toward  the  heart.  Usually  their  walls  are  much  thinner 
than  those  of  the  arteries  and  they  are  provided  with  valves  for  the 
prevention  of  the  backward  fiow  of  the  blood.  The  blood  carried  by 
the  veins  is  usually  unoxygenated.  In  the  frog,  there  are  two  excep- 
tions to  this  generalization :  the  pulmonary  vein  returning  blood  from 
the  lungs  to  the  left  auricle,  and  the  cutaneous  vein  returning  blood 
from  the  skin  to  the  sinus  venosus. 

The  venous  system  of  the  frog  is  more  complex  than  is  the  arterial 
system.  This  is  due  to  the  fact  that  there  are  two  portal  systems: 
the  renal  portal  and  the  hepatic  portal.  A  portal  system  is  a  series 
of  blood  vessels  beginning  and  ending  in  capillaries. 

All  the  blood  from  the  systemic  circulation  returns  to  the  sinus 
venosus  by  means  of  three  principal  veins :  the  right  and  left  anterior 
venae  cavae  and  the  posterior  vena  cava.  Each  anterior  vena  cava  is 
formed  of  three  branches :  the  external  jugular,  the  innominate,  and 
the  subclavian.  The  external  jugular  brings  the  blood  from  the  floor 
of  the  mouth  and  tongue  region ;  the  innominate  from  the  shoulder 
muscles,  the  brain,   roof  of  the  mouth,   and   some  head   muscles;   the 
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subclavian   carries   blood   from   the   arm,   the   superficial   muscles,   and 
the  skin. 

The  posterior  vena  cava  has  its  beginning  when  the  many  veins 
from  the  kidneys  and  reproductive  organs  join. 
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Fig.  17. — The  venous  system  of  the  bullfrog. 

Those  veins  carrying  blood  to  the  kidneys  make  up  the  renal 
portal  system.  Blood  from  the  jemoral  and  sciaiic  veins  of  the  legs 
and  the  dorsal  lumbar  from  the  back  passes  into  the  renal  portal  vein 
which  terminates  in  the  capillaries  of  the  kidney.  After  being  filtered 
in  the  kidney,  this  blood  returns  to  the  heart  by  means  of  the  renal 
veins  and  the  posterior  vena  cava. 
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The  blood  from  the  legs  can  follow  another  pathway  back  to  the 
heart.  Some  of  the  blood  in  the  femoral  veins  does  not  enter  the 
renal  portal.  This  blood  passes  into  the  ventral  abdominal  vein  which 
is  formed  by  the  junction  of  branches  from  the  two  pelvic  veins.  The 
ventral  abdominal  picks  up  blood  from  the  bladder  and  from  the  body 
wall  and  carries  it  to  the  liver. 

The  hepatic  portal  vein  is  formed  from  the  various  veins  that 
drain  the  intestinal  tract  and  its  associated  organs.  The  hepatic  portal 
vein  ends  in  the  capillaries  of  the  liver;  thus  dissolved  foods  from  the 
digestive  tract  are  first  filtered  through  the  liver  and  some  are  re- 
moved from  the  blood  for  temporary  storage.  Blood  passes  by  means 
of  the  hepatic  vein  to  the  posterior  vena  cava  and  thence  into  the 
sinus  venosus. 

The  Blood. — The  blood  consists  of  two  main  portions :  the  Hq- 
uid  or  plasma  and  the  formed  bodies  consisting  of  the  erythrocytes, 
(Fig.  3)  thrombocytes,  and  leucocytes.  The  erythrocytes  or  red  blood 
cells  contain  the  respiratory  pigment  hemoglobin  which  carries  oxygen. 
There  are  approximately  400,000  of  these  cells  per  cubic  millimeter 
of  blood,  and  they  are  elliptical  in  shape  and  possess  nuclei. 

The  white  blood  cells  or  leucocytes  number  about  7,000  per  cubic 
millimeter  of  blood.  They  are  colorless,  nucleated,  and  in  general 
move  by  amoeboid  motions.  There  are  several  different  types  of  leuco- 
cytes which  have  separate  functions.  Some  of  them  destroy  invading 
organisms,  others  remove  dead  cells. 

Thrombocytes,  which  are  small  spindle-shaped  cells,  aid  in  the 
clotting  or  coagulation  of  blood.  This  latter  process  is  very  important 
for  the  prevention  of  excessive  bleeding  after  injury. 

The  Lymphatic  System. — From  the  thin-walled  capillaries  of 
the  circulatory  system,  a  certain  amount  of  the  blood  plasma  with  con- 
tained foods,  minerals,  etc.,  escapes  into  the  surrounding  tissues.  This 
material,  known  as  tissue  fluid,  brings  the  essential  elements  of  the 
blood  to  the  individual  cells.  Once  this  fluid  has  lost  its  load  of  food 
materials  and  has  picked  up  wastes,  it  is  known  as  lymph. 

A  series  of  lymph  ducts  and  lymph  spaces  provide  the  means  for 
circulating  the  lymph  through  the  body  and  finally  returning  it  to  the 
main  portion  of  the  circulatory  system.  The  lymph  enters  either  the 
internal  jugulars  or  one  portion  of  the  iliacs  through  special  ducts.  | 

Beneath  the  skin  is  a  large  subcutaneous  sinus.  At  the  dorsal 
portion  of  the  body  cavity  is  another  large  lymph  space  separated  from 
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the  body  cavity  by  a  sheet  of  peritoneum.  This  is  the  suhvcrtcbral 
lymph  sinus.  The  coeloni  itself  is  really  a  large  lymph  space.  A  pair 
of  lymph  hearts  provide  a  pumping  mechanism  which  aids  in  keeping 
the  lymph  circulating.  The  anterior  pair  lie  beneath  the  scapulae  while 
the  posterior  pair  are  located  on  either  side  of  the  urostyle.  These 
latter  may  be  seen  pulsating  in  the  living  animal. 

THE  NERVOUS  SYSTEM 

An  animal  as  complex  as  the  frog  has  a  need  for  some  mechanism 
for  the  coordination  of  its  many  functions.  One  of  the  systems  which 
serves  this  need  is  the  nervous  system.  This  system  may  be  divided 
into  three  portions:     the  central,  the  peripheral,  and  the  autonomic. 

The  Central  Nervous  System. — The  central  nervous  system  is 
the  main  controlling  mechanism  of  the  body.  It  consists  of  the  brain 
and  spinal  cord.  The  brain  of  the  frog  is  relatively  small  and  is  con- 
tained within  the  cranium.  The  anterior  part  is  made  up  of  the  ol- 
jactory  lobes  which  are  concerned  with  the  sense  of  smell.  From  these 
lobes,  the  olfactory  tracts  pass  to  the  nose.  Just  posterior  to  these 
lobes  are  the  cerebral  hemispheres.  Together  these  are  known  as 
the  cerebrum.  In  the  frog  this  structure  is  somewhat  elongate  and 
relatively  very  small ;  it  is  concerned  with  conscious  activity. 

Posterior  to  the  cerebrum  is  the  small  diencephalon  or  thalamus. 
This  structure  contains  nerve  fibers  which  connect  the  anterior  and 
posterior  portions  of  the  brain.  The  dorsal  part  of  the  diencephalon 
bears  a  small  projection  which  extends  dorsally  upward  between  the 
cerebral  lobes.  This  is  the  epiphysis  or  pineal  body.  On  the  ventral 
portion  of  the  diencephalon  may  be  seen  the  optic  chiasma  where  the 
optic  nerves  cross  before  entering  the  optic  lobes.  At  the  posterior 
part  of  the  ventral  side  of  the  diencephalon  is  another  projection,  the 
injundibulum.  At  the  end  of  the  infundibulum  is  the  hypophysis  or 
pituitary  gland.  This  important  gland  secretes  a  hormone  that  con- 
trols many  of  the  bodily  activities.  Posterior  to  the  diencephalon  are 
the  two  large  dorsal  optic  lobes  which  are  concerned  with  the  sense  of 
sight.  These  appear  to  rest  on  the  ventral  midbrain  which  is  largely 
made  up  of  nerve  fibers  for  the  passage  of  nerve  impulses. 

Posterior  to  the  midbrain  and  optic  lobe  area  is  the  small  trans- 
verse cerebellum  whose  function  is  the  coordination  of  muscular  ac- 
tivity. The  posterior  portion  of  the  brain  is  the  medulla  oblongata 
which  passes  through  the  foramen  magnum  of  the  skull  and  merges 
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with  the  spinal  cord.  The  medulla  provides  not  only  the  necessary 
nerve  tracts  for  connecting  the  brain  with  the  cord,  but  also  has  nerve 
centers  for  the  control  of  various  vital  activities. 


Fig.  18. — Brain  of  bullfrog.     A,  Dorsal  view;  B,  ventral  view. 


The  center  of  the  cord  is  a  hollow  passageway  or  central  canal 
which  connects  with  spaces  or  ventricles  in  the  brain.  Two  ventricles 
are  found  in  the  cerebrum,  one  in  each  lobe.  These  join  with  a  third 
ventricle  in  the  diencephalon  which  in  turn,  by  means  of  a  narrow 
aqueduct,  connects  to  the  fourth  ventricle  of  the  medulla.  This  latter 
is  continuous  with  the  central  canal  of  the  cord.  This  entire  canal 
system  is  filled  with  a  cerebrospinal  fluid  which  equalizes  pressure 
inside  the  central  nervous  system  and  provides  nourishment  for  the 
internal  cells. 

The  spinal  cord  passes  as  a  long  tapering  structure  through  the 
neural  arches  of  the  vertebrae.  It  terminates  as  a  threadlike  filament 
in  the  urostyle.     Ventral  and  dorsal  fissures  may  be  seen  in  the  cord. 
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The  central  nervous  system  is  protected  with  a  covering  of  three 
membranes,  the  meninges.  The  outer  heavy  dura  mater  and  the  more 
deHcate  pia  mater  cover  the  entire  system.  In  addition  an  anterior 
choroid  plexus  covers  a  small  opening  in  the  dorsal  part  of  the  dien- 
cephelon,  and  a  posterior  choroid  plexus  covers  the  fourth  ventricle 
of  the  medulla.  The  choroid  plexus  contains  a  rich  network  of  blood 
vessels.  Together  these  membranes  provide  for  the  protection  and 
nourishment  of  the  central  nervous  system. 
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Fig.  19. — Dorsal  view  of  nervous  system  of  bullfrog. 


The  Peripheral  Nervous  System. — This  system  consists  of  the 
nerves  which  extend  outward  from  the  central  nervous  system  to  all 
parts  of  the  body.  Eleven  pairs  of  cranial  nerves  arise  from  the  brain 
and  ten  spinal  nerves  arise  from  the  spinal  cord.  These  nerves  are  seg- 
mentally  arranged  and  appear  as  small  white  threads. 

The  Autonomic  System. — The  autonomic  nervous  system  con- 
trols the  activites  of  the  visceral  organs.  Principally  it  consists  of 
two  slender  nerve  strands  along  the  dorsal  wall  of  the  coelom,  passing 
along  on  either  side  of  the  dorsal  aorta.  Each  strand  has  ten  ganglia 
or  nerve  cell  masses  from  which  nerves  arise  that  connect  to  the  vis- 
cera and  central  nervous  system. 

Sense  Organs. — Associated  with  the  nervous  system  are  the  sense 
organs  by  which  the  animal  receives  stimuli  from  the  outer  environ- 
ment. Many  simple  sense  organs  are  located  in  the  skin  and  through- 
out the  visceral  organs.  In  addition,  more  complicated  ones  such  as 
the  taste  buds,  nose,  ear,  and  eye  are  present. 

THE  ENDOCRINE  SYSTEM 

The  other  important  coordinating  system  of  the  frog  is  the  endo- 
crine system  which  is  known  as  the  chemical  coordinating  system.    The 
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endocrines  secrete  hormones  which  are  distributed  bv  the  blood  to  all 
parts  of  the  body. 

Just  ventral  to  the  midbrain  is  the  pituitary  gland.  This  gland 
consists  of  three  separate  lobes,  each  with  a  different  function.  The 
anterior  lobe  controls  the  growth  process,  particularly  that  concerned 
with  the  size  attained  by  the  individual.  It  also  secretes  other  hor- 
mones which  exercise  a  controlling  effect  over  the  other  endocrine 
glands.  The  intermediate  lobe  of  the  pituitary  secretes  a  hormone  which 
controls  the  scattering  or  concentration  of  the  pigment  granules  of  the 
chromatophores.  The  posterior  lobe  controls  the  shedding  of  the  skin 
and  the  water  intake  of  the  skin. 

Another  important  gland  is  the  thyroid.  It  is  located  just  posterior 
to  the  hyoid  cartilage  in  the  throat  region.  Its  secretion  controls  the 
general  metabolism  of  the  body  and  is  necessary  for  the  transformation 
of  the  larva  into  the  adult. 

On  the  ventral  surface  of  the  kidneys  are  the  long  yellow  adrenal 
glands.  Their  secretion  affects  blood  pressure  and  pigment  concen- 
tration. 

The  pancreas  which  secretes  a  digestive  enzyme  has  special  cells, 
the  islets  of  Langerhans  which  secrete  a  hormone.  This  hormone  con- 
trols sugar  metabolism. 

THE  EXCRETORY  SYSTEM 

The  principal  excretory  organs  of  the  frog  are  the  kidneys  (Fig. 
20).  These  are  elongated,  brown-colored  organs  lying  dorsal  to  the 
peritoneum  of  the  coelom  in  the  subvertebral  lymph  sinus.  Through  a 
series  of  tubules  in  the  kidneys,  nitrogenous  wastes  are  filtered  from 
the  blood.  These  tubules  unite  with  others  to  form  larger  tubules 
which  finally  form  the  ureter.  The  ureters,  one  from  each  kidney,  are 
slender  white  tubes  which  extend  behind  the  peritoneum  from  the  kid- 
neys to  the  cloaca.  The  waste  material,  urine,  may  either  pass  out  the 
anus  or  be  stored  in  the  bladder  that  opens  from  the  ventral  side  of 
the  cloaca. 

THE  REPRODUCTIVE  SYSTEM 

The  Female. — The  reproductive  organs  which  produce  the  eggs 
are  the  ovaries  (Fig.  20).  When  these  large  dark  bodies  become  filled 
with  eggs,  they  occupy  almost  the  entire  coelomic  space,  even  displac- 
ing the  other  organs.     When  the  eggs  are  ripe,  they  break  out  of  the 
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ovary  into  the  coelom  where  by  muscular  movements  and  ciliary  action 
they  pass  into  the  oviduct.  The  anterior  end  of  each  paired  oviduct  is 
an  open  funnel  known  as  the  ostium  tuhae.  Since  this  is  ciliated  the 
beating  of  the  cilia  draws  the  eggs  into  the  oviduct.  The  oviduct  is  a 
long  white  convoluted  tubule  which  enters  the  dorsal  part  of  the 
cloaca.  Internally  it  has  many  ciliated  ridges.  These  cilia  by  constantly 
beating  move  the  eggs  through  the  duct.  At  the  same  time,  glands  be- 
tween the  ridges  secrete  a  jellylike  material  which  protects  the  eggs. 
The  lower  portion  of  each  oviduct  is  expanded  into  a  uterus.  Mature 
eggs  are  stored  here  temporarily  until  they  are  laid. 


Fig.  20. — Urogenital  system  of  bullfrog.     A,  Female;  B,  male. 


The  Male. — In  the  male  (Fig.  20),  sperm  are  produced  by  two 
very  small  yellow-colored  testes,  located  in  the  region  of  the  kidneys. 
The  sperm  are  produced  in  fine  tubules  and  enter  very  tiny  ducts,  the 
vasa  efferentia.  These  ducts  pass  through  their  supporting  mesenteries 
and  connect  to  the  urinary  tubules  of  the  kidney.  In  the  male,  the 
sperm  pass  through  the  ureter  which  thus  becomes  a  common  passage- 
way for  both  sperm  and  urine.  Sperm  is  frequently  stored  in  an  en- 
larged posterior  portion  of  the  ureter,  the  seminal  vesicle.  They  are 
discharged  during  mating  through  the  cloaca.  Along  the  outer  edge 
of  each  kidney  may  be  seen  a  fine  white  convoluted  tubule.  This  is 
a  vestigial  structure  in  the  male,  corresponding  to  the  oviduct  of  the 
female ;  it  is  conspicuous  in  R.  pipiens  but  absent  in  R.  catesheiana. 

During  the  mating  season,  special  cells  in  both  the  testes  and  ovaries 
produce  hormones  which  appear  to  regulate  the  behavior  of  the  animal 
at  this  time. 
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Associated  with  the  gonads  (the  ovaries  and  testes)  in  both  sexes 
are  fingerhke,  yellow  projections,  the  fat  bodies.  These  consist  largely 
of  stored  fat  and  are  used  as  a  reserve  food  store.  These  become  very 
large  before  hibernation  and  before  the  breeding  season.  During  the 
breeding  season,  the  males  eat  practically  no  food  and  must  rely  upon 
this  stored  fat.  The  females  withdraw  this  fat  to  produce  the  yolk  of 
the  eggs.  At  the  end  of  the  breeding  season,  these  fat  bodies  are  so 
reduced  as  to  be  scarcely  visible. 


CHAPTER  5 

THE  INTEGUMENTARY  SYSTEM 


The  outer  surface  of  an  animal  is  the  portion  which  is  in  immediate 
contact  with  the  environment.  This  surface,  of  necessity,  must  perform 
a  number  of  very  important  functions  inchiding  protection  and  the  re- 
ceiving of  various  sensations.  Among  the  vertebrates,  the  skin  and 
its  derivatives  make  up  the  integumentary  system  which  performs  these 
varied  tasks. 

The  integument  covers  all  portions  of  the  body  including  the  eye- 
balls, and  is  continuous  with  the  moist  mucous  membranes  which  line 
the  inner  portions  of  body  openings. 

THE  FUNCTIONS  OF  THE  INTEGUMENT 

Some  of  the  many  important  functions  of  the  integumentary  system 
are  as  follows. 

1.  Protection.  The  outer  surface  of  the  skin  consists  of  tough 
horny  cells  which  form  an  effective  line  of  defense  against  the  pene- 
tration of  bacteria  or  against  mechanical  and  chemical  injury.  Infec- 
tions seldom  occur  on  the  intact  skin,  but  easily  happen  when  the  surface 
is  broken  to  reveal  the  underlying  tissues. 

In  addition  to  the  skin  itself,  many  animals  are  equipped  with  special 
protective  structures.  Additional  protection  is  afforded  by  the  scales 
of  the  snake,  the  shell  of  the  turtle,  or  even  the  cushioning  effect  of 
the  hair  of  many  mammals.  Feathers  and  cushions  of  fat  are  like- 
wise effective  in  preventing  mechanical  injury  to  the  body. 

Among  some  human  beings,  the  skin  gives  great  protection  against 
excessive  burning  by  its  ability  to  darken  when  exposed  to  sunlight. 
Persons  without  pigment  in  their  skin  (albinos)  cannot  survive  any 
excessive  exposure  to  sunlight. 

Structures  such  as  scales,  hair,  and  feathers  perform  another  nn- 
portant  service  to  the  animal  possessing  them :     they  prevent  the  ex- 
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cessive  evaporation  of  water  from  the  body.  Water,  of  course,  is 
absolutely  essential  for  all  bodily  processes ;  so  its  conservation  is  of 
utmost  value.  The  absorption  of  excessive  water  into  the  body  could 
also  be  harmful.  Again  the  skin  plays  an  important  role,  for  the 
oily  surface  is  an  effective  waterproof  covering.  For  aquatic  verte- 
brates this  is  an  especially  important  function. 

To  many  animals,  the  integument  plays  an  important  role  due 
to  its  color.  Often  it  is  colored  in  such  a  manner  as  to  make  the  animal 
nearly  invisible  when  in  its  proper  habitat.  For  others  such  as  the 
skunk,  conspicuous  colorings  serve  as  warning  signals,  thus  protecting 
their  owners. 

For  the  frog,  the  slippery  skin  surface  is  often  of  aid  in  escaping 
from  would-be  captors.  The  slippery  surface  is  nearly  impossible  to 
retain.  Other  animals  such  as  the  porcupine  are  well-equipped  with 
quills,  while  the  armadillo  has  a  heavy  scalelike  surface. 

2.  Heat  Regulation.  All  metabolic  activities  of  any  animal 
result  in  the  production  of  heat.  This  is  distributed  through  the  body 
by  means  of  the  circulatory  system,  and  then  is  lost  through  the  lungs, 
feces,  urine,  or  skin.  It  is  probable  that  nearly  nine-tenths  of  this 
loss  occurs  through  the  skin.  Thus  it  is  clear  that  heat  regulation  is 
an  extremely  important  function  of  the  integumentary  system,  one 
which  is  of  greatest  significance  among  those  vertebrates  that  main- 
tain a  relatively  constant  body  temperature  (the  homoiothermic  animals). 

When  environmental  temperatures  are  the  same  or  lower  than 
that  of  the  body,  it  is  necessary  for  the  homoiothermic  animal  to  con- 
serve heat.  In  the  deeper  layers  of  skin,  fat,  an  effective  insulator, 
is  stored.  The  greater  the  amount  of  fat,  the  greater  the  insulation. 
The  aquatic  mammals,  such  as  the  whale,  have  tremendous  layers  of 
blubber  which  serve  to  hold  the  heat  of  the  body  and  make  it  possible 
for  these  mammals  to  live  in  icy  water.  Animals  which  do  not  main- 
tain a  constant  temperature  (the  poikilothermic  animals)  do  not  have 
these  heavy  storage  layers  of  fat  within  their  skin. 

The  oil  on  the  surface  of  the  skin  probably  also  is  helpful  in 
retaining  body  heat.  The  hair  of  mammals  and  the  feathers  of  birds 
likewise  are  excellent  insulating  materials.  Air  is  trapped  within  the 
layers  of  feathers  or  hair  and  forms  a  warm,  dead  air  .space.  The 
thickness  of  this  layer  can  be  adjusted  by  fluffing  of  feathers  or  the 
raising  of  the  hairs.  Some  mammals  grow  heavier  coats  of  hair  during 
the  winter  months.  Due  to  the  reduction  of  his  hair  cover,  man  must 
rely  upon  clothing  to  accomplish  this  heat  conservation. 
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The  skin  also  is  able  to  conserve  heat  by  making  certain  physiolog- 
ical responses  to  decreased  temperatures.  The  skin  tends  to  contract 
into  "goose  pimples"  when  chilled.  This  results  in  diminishing  the 
amount  of  blood  circulating  to  the  skin  surface  due  to  the  contraction 
of  the  capillaries. 

When  environmental  temperatures  are  high,  heat  loss  becomes 
important.  Here  again  the  skin  plays  a  major  role.  The  capillaries 
tend  to  expand,  thus  bringing  more  blood  to  the  skin  surface  for  heat 
loss. 

Of  great  importance  in  regulating  heat  loss  is  the  cooling  of  the 
skin  that  results  from  the  evaporation  of  water  from  the  surface.  This, 
of  course,  can  occur  only  in  those  animals  such  as  man  that  possess 
sweat  glands  over  the  body  surface.  Sweat  is  composed  chiefly  of 
water,  some  salts,  and  traces  of  urea.  During  strenuous  work,  up 
to  5,000  c.c.  of  sweat  may  be  lost  in  a  single  day.  More  usual  is  a 
loss  of  from  500  to  2,000  c.c.  daily. 

In  animals  such  as  the  dog,  there  are  but  few  sweat  glands.  In- 
stead, these  animals  rely  on  panting  for  their  heat  loss.  This  allows 
for  evaporation  of  saliva  from  the  tongue's  surface.  Due  to  its  com- 
parative lack  of  sweat  glands,  the  dog  cannot  withstand  the  high 
temperatures  that  cause  but  little  discomfort  to  man. 

3.  Fat  Storage.  The  fat  stored  in  the  deeper  layers  of  the  skin 
of  many  mammals  and  birds  serves  a  double  purpose :  not  only  is  it 
an  efficient  insulating  device,  but  it  also  provides  reserve  food.  Be- 
fore starting  on  their  migrations  in  the  fall,  many  birds  deposit  large 
quantities  of  fat  which  they  draw  upon  during  their  long  flights.  Hiber- 
nating mammals,  such  as  the  woodchuck,  rely  on  these  stored  food 
sources  for  energy  during  their  long  sleep. 

Among  human  beings,  fat  lends  the  familiar  contours  to  the  body. 
There  are  sexual  differences  in  the  points  of  deposition. 

4.  Respiration.  Among  a  few  vertebrates,  the  skin  is  important 
as  a  medium  of  gaseous  exchange.  This  is  especially  true  among  the 
amphibians  such  as  the  salamanders  and  frogs. 

Among  the  fish,  the  gills  are  often  considered  to  be  merely  ex- 
tensions of  the  skin.  These  gills  are  richly  supplied  with  blood  vessels, 
and  provide  the  surface  for  respiratory  exchange  between  the  water 
and  the  blood. 

5  Sensation.  To  receive  sensations  from  the  environment  is 
one  of  the  primary  functions  of  the  integumentary  system.     For  the 
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reception  of  these  sensations  there  are  special  nerve  endings  scattered 
through  the  deeper  layers  of  the  skin.  Many  of  these  nerve  end- 
ings are  enclosed  within  special  capsules.  Each  ending  receives  but 
one  type  of  sensation.  Those  sensations  distinguished  by  the  receptors 
of  the  integument  are  touch,  pain,  heat,  cold,  and  pressure.  (Fig.  66.) 
In  fish  and  larval  amphibians  there  is  a  special  series  of  sense 
organs  located  on  the  body  and  head  region.  Often  these  are  arranged 
in  a  single  line  and  are  known  as  the  lateral  line  system.  Essentially 
these  consist  of  pits  with  special  sensory  cells  at  their  bases.  These 
cells  apparently  aid  the  fish  in  locomotion  by  perceiving  sensations 
related  to  currents  and  water  movements. 

6.  Locomotion.  Among  some  vertebrates  special  structures  de- 
rived from  the  integument  are  an  important  aid  in  locomotion.  The 
wing  and  tail  feathers  of  birds  are  skin  derivatives  making  possible  the 
flight  of  this  important  group  of  animals. 

Among  some  other  vertebrates  the  skin  forms  webs  or  special  folds 
to  aid  in  locomotion.  Among  these  are  the  lateral  folds  of  skin  utilized 
by  the  flying  squirrels,  the  flying  lemurs,  and  the  flying  dragon  of  India. 
These  animals  actually  glide  through  the  air  utilizing  these  folds  as 
parachutes.  The  bat  has  its  forelimb  highly  modified  for  flight.  Webs 
of  skin  extend  between  the  elongated  digits  forming  an  effective  flight 
wing.  Aquatic  birds  and  frogs  have  webs  between  the  toes  which 
enable  them  to  swim  rapidly. 

The  fins  of  fish  may  also  be  considered  as  integumentary  derivatives. 
Here  the  skin  is  extended  into  a  broad  flap  covering  the  small  sup- 
porting fin  rays. 

7.  Excretion.  .  To  a  very  limited  extent  the  skin  aids  the  kidneys 
in  excreting  waste  materials.  Human  sweat  is  about  99  per  cent 
water,  but  in  addition  has  salts  (mainly  sodium  chloride)  and  very 
small  amounts  of  urea.  In  extremely  hot  weather,  enough  salt  may 
be  lost  through  sweating  to  make  it  necessary  to  take  in  additional 
quantities  in  order  to  maintain  a  proper  balance  in  the  body. 

Among  many  amphibians,  the  skin  is  important  as  a  respiratory 
organ,  and  hence  essential  as  a  source  of  carbon-dioxide  elimination. 

8.  Secretion.  Located  throughout  the  skin  of  mammals  are  nu- 
merous glands  which  secrete  an  oily  substance,  sebum.  This  material 
contains  proteins,  salts,  water,  and  fats.  This  sebum  is  of  utmost  im- 
portance in  keeping  the  skin  moist  and  supple,  and  in  preventing  the 
entrance  of  water.     It  also  helps  to  keep  the  hair  from  drying  and 
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breaking.     In  birds,  there  are  but  few  skin  glands,  but  the  preen  gland 
located  at  the  base  of  the  tail  provides  oil  for  the  feathers. 

The  characteristic  milk-producing  glands  of  the  mammal,  the 
mammary  glands,  become  functional  only  after  parturition  (birth  of 
young).  The  mucous  and  poison  glands  of  the  amphibians  are  of  use 
to  them  for  retaining  moisture  and  for  protection.  There  are  many 
other  specialized  glands  found  throughout  all  groups  of  vertebrates. 

9.  Reproduction.  Although  the  integumentary  system  does  not 
play  an  essential  role  in  reproduction,  it  does  have  certain  supple- 
mentary functions.  Among  many  animals,  the  color  of  integumentary 
derivatives  is  of  importance  in  sexual  recognition.  This  is  more  con- 
spicuous among  birds  and  fash  than  among  mammals.  Among  the 
members  of  this  latter  group,  odors  produced  by  special  glands  are 
of  more  importance. 

THE  MICROSCOPIC  STRUCTURE  OF  THE  SKIN 

Two  distinct  parts  form  the  skin.  The  outermost  of  these,  the 
epidermis,  is  a  thin  layer  composed  of  stratified  epithelial  cells.  The 
inner  part  or  dermis  is  much  thicker  and  quite  fibrous  in  structure.  It 
is  within  this  layer  that  the  blood  vessels,  nerve  endings,  and  glands 
are  located. 

The  Epidermis.— Among  the  higher  vertebrates,  the  cells  form- 
ing the  epidermis  are  arranged  in  layers.  Those  of  the  deeper  layers 
are  cuboidal  in  shape,  while  the  outermost  cells  are  flattened.  The 
nnermost  layer,  the  stratum  germinativum  or  Malpighian  layer,  con- 
sists of  living  cells  which  are  continuously  dividing  to  replace  the  outer 
cells  that  slough  ofif.  In  the  thick  skin  forming  the  palms  of  the  hands 
and  the  soles  of  the  feet,  the  other  layers  can  be  easily  noted.  These 
cannot  be  seen  so  easily  in  the  thinner  skin  of  the  greater  part  of  the 
body.  As  the  cells  of  the  stratum  germinativum  layer  divide,  they 
push  toward  the  outer  surface  of  the  skin.  This  outward  movement 
is  accompanied  by  certain  characteristic  chemical  and  physical  changes. 
Just  above  this  layer  is  the  stratum  granulosum.  This  name  is  de- 
rived from  the  fact  that  certain  granules  are  formed  which  give  the 
cells  a  granular  appearance.  Above  this  is  another  transition  layer, 
the  stratum  lucidum.  Its  name  is  due  to  the  fact  that  the  cells  form- 
ing it  are  somewhat  transparent  as  the  result  of  chemical  changes  that  oc- 
curred in  the  granular  material.  The  outermost  layer,  the  corneum,  ,s 
formed  of  dead  scalelike  cells  without  nuclei  and  is  composed  chiefly  ot 
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keratin,  an  insoluble  protein.  This  layer  is  continuously  shed.  In 
most  mammals,  shedding  is  a  continuous,  sort  of  self-cleaning  process ; 
while  in  snakes  and  lizards  the  entire  corneum  is  shed  periodically. 

The  Dermis. — The  corimn  or  dermis  is  much  thicker  than  is  the 
epidermis.  It  is  formed  chiefly  of  tightly  packed  masses  of  connective 
tissues.  This  is  the  portion  of  the  skin  that  is  tanned  for  making 
leather,  while  the  epidermis  is  discarded. 

A  few  layers  can  be  seen  within  the  corium.  Lying  in  the  deeper 
parts  is  the  subcutaneous  layer  which  has  large  numbers  of  fat  cells 
within  a  loosely  woven  mass  of  connective  tissue.  This  is  the  chief 
insulating  layer  of  the  skin.  It  has  a  rich  blood  supply,  often  con- 
taining a  high  percentage  of  the  total  volume  of  blood  in  the  body. 
Some  of  the  fibers  of  this  layer  are  interwoven  with  the  connective 
tissue  sheaths  below  the  skin,  thus  more  or  less  fastening  the  skin 
into  place. 
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Fig.  21. — Diagrammatic  section  of  human  skin. 


In  those  areas  of  the  skin  that  are  subjected  to  much  pressure, 
another  layer,  the  papillary,  may  be  seen  within  the  corium.  This  layer 
is  thrown  into  folds  and  contains  within  it  two  types  of  papillae  (finger- 
like projections),  nutritive  and  sensory.  The  epidermis  folds  into  tiny 
ridges  formed  by  these  papillae.  Between  this  papillary  layer  and 
the  subcutaneous  layer,  a  third  part  may  be  distinguished  at  times. 
This  is  the  reticular  layer.  On  the  whole,  however,  the  layers  of  the 
dermis  are  not  so  pronounced  as  are  those  of  the  epidermis. 

Within  this  layer  of  the  skin  are  located  the  many  blood  vessels, 
glands,  and  nerve  endings  which  have  been  mentioned  previously. 
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Glands. — All  the  glands  of  the  integument  have  their  origin  in 
the  stratum  germinativum  although  they  are  found  in  the  dermis.  Glands 
of  some  sort  are  found  in  the  skin  of  every  vertebrate  class.     (Fig.  5.) 

The  sweat  glands  are  examples  of  a  simple  tubular  gland,  and 
in  human  beings  are  found  all  over  the  skin  surface.  They  are  most 
numerous  on  the  palms  and  soles,  and  largest  under  the  arms.  In 
mammals  that  possess  a  large  amount  of  hair,  the  sweat  glands  are 
confined  to  certain  restricted  areas.  In  deer,  they  are  found  only 
at  the  base  of  the  tail;  in  cats,  rats,  and  mice  only  on  the  soles  of  the 
feet.  The  ability  of  any  mammal  to  withstand  high  temperatures  may 
be  correlated  with  the  number  of  sweat  glands  its  possesses. 

Closely  associated  with  the  hair  follicles  are  the  sebaceous  glands 
which  are  examples  of  compound  alveolar  glands.  These  secrete  the 
lubricating  material  sebum.  Their  chief  function  appears  to  be  to 
keep  the  surface  of  the  skin  soft  and  pliable.  During  adolescence,  these 
glands  are  stimulated  to  greater  activity.  If  the  sebum  fails  to  dis- 
charge, the  pores  become  engorged  and  are  known  as  whiteheads.  The 
enclosed  material  may  become  darkened  to  become  a  blackhead  or 
infected  to  become  a  pimple. 

Along  the  edges  of  the  eyelids  are  modified  sebaceous  glands,  the 
meibomian  glands,  which  produce  an  oily  film  over  the  surface  of  the 
eyeball.  Associated  with  the  eyelashes  are  small  tubular  sebaceous 
glands.  When  these  become  infected,  they  are  known  as  sties.  In 
the  external  ear  are  special  wax  glands,  which  are  found  in  many  verte- 
brates. Structurally  they  resemble  tubular  glands,  but  functionally  they 
are  like  sebaceous  glands.  Their  secretions  are  useful  to  prevent  harm- 
ful materials  from  getting  into  the  inner  portion  of  the  ear. 

The  most  characteristic  glands  of  the  mammals  are  those  which 
give  the  class  its  name,  the  mammary  glands.  These  are  inactive 
in  the  male,  and  active  in  the  female  only  after  the  birth  of  young. 
The  milk  secreted  by  these  glands  is  a  natural  food  for  the  young. 
It  contains  a  large  amount  of  water,  milk  sugar,  albumin,  butter  fat, 
and  salts.  The  milk  secreted  by  any  one  species  is  adapted  to  the 
needs  of  its  young.  The  position  of  these  glands  varies  with  different 
species.  In  those  that  hold  their  young  in  the  arms,  the  mammary 
glands  are  located  in  the  pectoral  region.  Among  those  animals  that 
stand  while  nursing,  the  glands  are  usually  located  between  the  legs 
either  anteriorly  as  in  the  elephant  or  posteriorly  as  in  cows  and  horses. 

Among  the  fishes,  the  commonest  type  of  gland  is  the  mucus- 
secreting  single-celled  glands  that  are  found  all  over  the  surface.    These 
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give  the  fish  their  characteristic  slimy  feeling.  In  some  fish,  there 
are  special  poison  glands  found  in  association  with  spines.  One  of 
the  most  highly  modified  types  of  glands  are  those  found  in  deep-sea 
fish.    Some  of  these  form  luminous  organs  known  as  photophores. 

Among  the  amphibians,  the  mucous  glands  (simple  alveolar 
glands)  are  the  most  abundant  in  the  skin.  Some  tree  frogs  and 
salamanders  have  glandular  feet  that  help  them  to  stick  to  surfaces, 
while  the  toads  have  rather  unpleasant  secretions  from  their  skin  glands. 

Odoriferous  glands  are  found  in  a  great  many  different  verte- 
brates. The  skunk's  odor  emanates  from  a  special  gland  near  the 
base  of  the  tail ;  the  stinkpot  turtle  has  an  odor  best  described  by 
its  name. 

Birds  have  but  few  glands  over  the  skin  surface.  The  preening 
gland  mentioned  previously  is  best  developed  in  aquatic  birds  and  is 
said  to  have  a  special  odor  during  the  breeding  season. 

Pigmentation.— Pigment  when  present  in  the  skin  of  vertebrates 
may  be  either  in  the  dermis  or  epidermis.  When  in  the  epidermis,  it 
is  usually  in  the  form  of  granules  dispersed  through  the  cells.  In  the 
dermis,  the  pigment  is  contained  in  special  cells  known  as  chromato- 
phores.  These  cells  are  typical  of  fishes,  amphibians,  and  reptiles.  There 
are  three  possible  types  of  chromatophores :  those  containing  a  dark 
brown  pigment ;  those  containing  yellow  or  red ;  and  those  containing 
crystals  for  light  refraction.  In  man,  the  different  skin  colors  are  due 
to  pigment  granules  in  the  epidermis.  The  pinkish  color  of  the  skin 
is  due  to  the  underlying  capillaries. 

Color  may  also  be  due  to  physical  structures  present  on  scales, 
hairs,  or  feathers.  There  may  be  fine  lines  which  reflect  light.  Most 
feather  and  hair  color  is  due  to  the  presence  of  diffuse  pigment  gran- 
ules which  are  derived  from  pigment  cells  during  development. 

Freckles  and  moles  are  due  to  local  concentrations  of  pigment 
granules. 

Friction  Ridges. — Located  on  the  tips  of  the  fingers  are  tiny 
ridges  known  as  friction  ridges.  These  aid  the  fingers  in  grasping  ob- 
jects. The  sweat  glands  which  open  upon  these  ridges  serve  to  lubri- 
cate the  fingertips,  and  further  aid  them  in  holding  tightly.  These 
ridges  are  due  to  furrows  of  the  papillary  layer  of  the  dermis.  The 
epidermis  follows  the  tiny  folds,  and  thus  is  thrown  into  these  useful 
ridges. 
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These  ridges  which  permit  the  "fingerprints"  are  present  at  birth 
and  do  not  change  through  the  hfetime  of  the  individual.  For  this 
reason,  they  are  useful  for  identification  purposes. 

Friction  ridges  are  also  found  along  the  inner  surface  of  the  pre- 
hensile tails  of  the  new  world  monkeys.  Located  on  the  feet  of  certain 
rodents  such  as  the  mouse  are  distinct  elevations  or  pads  known  as 
tori.  These  are  present  in  the  human  embryo,  but  disappear  during 
growth  to  become  flattened  and  form  the  friction  areas  of  the  hands 
and  feet. 

SKIN  DERIVATIVES 

Among  the  various  vertebrate  groups,  the  skin  has  many  deriva- 
tives which  are  specialized  for  the  performance  of  different  functions. 
Like  the  outer  cells  of  the  epidermis,  they  are  often  formed  of  the  in- 
soluble protein,  keratin.  These  derivatives  include  such  widely  varying 
structures  as  horns,  nails,  feathers,  hairs,  scales,  claws,  and  teeth.  Often 
they  are  of  aid  to  the  animal  as  weapons ;  chiefly,  however,  they 
function  to  protect  against  drying,  cold,  heat,  and  other  factors  of 
the  environment. 

Scales. — While  scales  of  some  sort  may  be  found  in  members 
of  nearly  every  class  of  vertebrates,  they  are  particularly  character- 
istic of  the  fishes  and  reptiles.  In  both  these  classes  they  are  the  chief 
integumentary  derivatives,  and  in  both  they  afford  excellent  protection 
against  injury.  Li  fish  they  have  the  additional  task  of  preventing 
excessive  absorption  of  water  from  the  surrounding  medium,  while  in 
reptiles  they  prevent  excessive  drying  of  the  body  tissues. 

The  placoid  scale  (Fig.  22,C)  found  among  the  sharks  consists, 
in  part,  of  a  flat  plate  having  its  origin  in  the  dermis.  It  is  embedded 
in  the  skin  and  has  a  projection  of  dentine  covered  with  a  shiny  sur- 
face composed  of  harder  dentine.  These  scales  are  small  and  placed 
together,  giving  a  roughened  surface  to  the  shark's  skin.  Before  sand- 
paper was  very  common,  "shagreen"  skin  from  sharks  and  dogfishes 
was  commonly  used  as  a  fine  abrasive. 

Ganoid  scales  (Fig.  22, D)  are  usually  slightly  imbricated,  platelike 
structures  which  form  a  continuous  armor  over  the  surface  of  the 
fish.  These  scales  are  found  among  the  gars,  sturgeons,  and  the  bowfin. 
These  fish  are  modern  representatives  of  the  ganoid  fish  which  in  former 
geologic  times  were  a  much  more  varied  and  abundant  group. 


84         The  Vertebrate  Organ  Systems 

More  familiar  fish  such  as  the  sunfish,  perch,  and  trout  have  rounded 
scales  which  may  be  of  one  of  two  types :  cycloid  or  ctenoid.  They 
overlap  one  another  in  a  manner  similar  to  that  of  shingles.  Cycloid 
scales  (Fig.  22,B)  are  rounded  in  shape  and  thicker  in  the  center. 
Ctenoid  scales  (Fig.  22,A)  are  very  similar  to  these  except  for  their 
possession  of  a  row  of  small  teeth  along  the  outer  margin.  Both  of 
these  types  of  scales  are  dermal  in  origin.  As  the  fish  grows  in  size, 
the  scale  also  increases  in  size.  Since  the  yearly  increments  of  growth 
alternate  with  periods  of  little  or  no  growth,  annual  rings  can  be 
seen.    The  age  of  the  fish  can  be  estimated  from  these  rings. 


Fig.  22. — Types  of  fish  scales.     A,  Ctenoid;  B,  cycloid;  C,  longitudinal 
section  of  placoid  scale;   D,  ganoid. 


Among  fossil  amphibians,  there  were  some  with  scales ;  nearly  all 
modern  forms,  however,  are  completely  scaleless. 

The  scales  of  the  reptiles  are  quite  different  in  their  origin  from 
those  of  the  fish.  A  thickening  first  appears  in  the  dermis;  over  this 
the  stratum,  germinativum  begins  to  divide  rapidly  to  produce  flattened, 
cornified  cells  which  form  into  scales  or  scalelike  areas.     Unlike  the 
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scales  of  the  fish,  these  scales  are  not  separable.  They  are  of  epi- 
dermal origin,  actually  being  thickened  portions  of  the  stratum  corneum. 
The  legs  of  birds  have  scales  which  are  simply  epidermal  thicken- 
ings. In  mammals,  scales  are  found  in  a  number  of  different  forms. 
Many  such  as  the  beaver  and  rat  have  scaly  tails;  while  the  scaly 
anteater  (the  pangolin)  and  the  armadillo  have  heavy  protective  plate- 
like scales. 

Claws,  Nails,  and  Hoofs. — Claws  are  present  on  the  tips  of  the 
digits  of  many  reptiles,  birds,  and  mammals.  They  are  epidermal  struc- 
tures, originating  in  the  stratum  germinativum.  In  general,  they  are 
widened  at  the  base,  narrowing  toward  the  tip  and  curving  downward. 
They  resemble  an  inverted  letter  V.  The  upper  surface  known  as 
the  unguis  is  hard,  while  below  is  a  smaller  ventral  plate,  the  snbungids. 
This  is  pinched  between  the  edges  of  the  unguis. 


Fig.  23. — Comparative  structure  of  claws,  hoofs,  and  nails  of  mammals.  A, 
Longitudinal  section  of  claw;  B,  longitudinal  section  of  hoof;  C,  longitudinal  section 
of  nail;  D,  ventral  view  of  claw;  E,  ventral  view  of  hoof;  F,  ventral  view  of  nail. 
Unguis  stippled;  subunguis  hatched;  unmodified  epidermis,  clear;  phalanges,  black. 
(Modified  from  various  sources.) 

In  its  simplest  form  this  describes  the  claw  of  the  reptiles.  The 
claws  of  birds,  although  assuming  many  different  forms,  are  quite 
similar  to  this.  In  birds,  the  claws  are  usually  confined  to  the  toes, 
but  there  are  forms,  such  as  the  Hoactzin  of  British  Guiana,  which 
has  claws  on  the  wings.  The  young  utilize  these  for  scrambling  about 
in  trees. 

The  hoofs  and  nails  found  in  mammals  are  modified  claws.  Nails 
are  flattened  structures  found  at  the  dorsal  portion  of  the  tips  of  the 
digits  of  monkeys,  apes,  and  man.     As  is  common  with  these  struc- 
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tures,  the  nails  grow  continuously  due  to  the  presence  of  a  thickened 
layer  of  germinativum  cells  at  the  base.  In  the  typical  hoof,  the  softer 
subunguis  fills  in  the  spaces  between  the  lateral  edges  of  the  unguis. 
The  pad  thus  formed  is  the  "frog"  which  cushions  the  foot.  Hoofs 
are  exceptionally  well  adapted  for  the  support  of  these  often  heavy 
animals. 

Teeth. — Although  teeth  are  usually  associated  with  the  digestive 
tract,  they  may  be  considered  with  the  integument  inasmuch  as  they 
actually  are  derived  from  the  stratum  germinativum.  Among  the  toothed 
mammals,  the  teeth  make  their  appearance  at  a  very  early  stage  when 
cells  from  the  germinativum  layer  push  down  into  the  dermis,  forming 
a  ridge.  Along  this  ridge,  other  groups  of  cells  divide  rapidly  to 
produce  enamel  organs.    Gradually  the  teeth  assume  their  typical  form. 


DENTINE 


PULP  CAVITY 


PULP  CANAL 


Fig.  24. — Longitudinal  section  of  a  human  molar  tooth. 


Typically  a  mammalian  tooth  (Fig.  24)  consists  of  the  following 
parts :  the  root  imbedded  in  the  jaw  by  various  prongs,  the  crozvn 
projecting  above  the  jaw,  and  the  neck  or  transitional  region  between 
the  crown  and  root.  The  teeth  are  fastened  into  the  jaw  by  the  cement 
around  the  roots.  Inside  the  tooth  is  the  soft  pulp  cavity  in  which  are 
found  the  blood  vessels  and  nerves.  The  hard  portion  of  the  tooth  is 
formed  of  dentine  and  enamel  with  dentine  forming  the  bulk  of  the 
structure.  Dentine  is  nearly  identical  with  bone  in  composition  but 
much  denser.  Tiny  radiating  canals  permeate  throughout  the  dentine. 
Where  the  crown  is  exposed  to  constant  use,  the  dentine  is  protected 
by  a  layer  of  enamel,  an  exceptionally  hard  material. 
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The  vertebrate  tooth  can  be  seen  to  be  structurally  allied  to  the 
placoid  scales  of  the  sharks.  The  projecting  portion  of  dentine  and 
the  internal  pulp  cavity  are  similar  to  those  of  a  typical  tooth.  The 
actual  transition  from  placoid  scales  to  fairly  simple  teeth  may  be 
seen  in  the  shark's  jaw. 

Most  vertebrates  have  simple  conical  teeth  which  in  many  are  con- 
stantly being  replaced ;  thus  lower  vertebrates  have  an  indefinite  num- 
ber of  teeth.  Mammals,  however,  usually  have  a  definite,  limited  num- 
ber. The  teeth  in  this  latter  group  are  primarily  associated  with  the 
grasping,  grinding,  and  cutting  of  food.  Often  they  are  used  as  de- 
fensive weapons.  Birds  which  have  eliminated  all  weighty  materials 
have  no  teeth. 

Many  of  the  lower  vertebrates  have  all  their  teeth  exactly  alike 
in  shape  and  structure.  Such  a  condition  is  termed  homodont ;  this  con- 
trasts with  the  condition  found  in  most  mammals  where  the  teeth  are 
unlike.     This  latter  condition  is  referred  to  as  heterodont. 

Typically  a  mammal  has  four  types  of  teeth :  the  anteriormost  ones 
are  the  chisel-shaped  incisors;  the  single  canine  is  next  in  line  and  is 
a  long  stout  tooth  with  a  sharp  point ;  following  this  are  the  premolars 
with  their  large  grinding  surfaces;  and  finally  the  molars  which  have 
even  more  complex  crown  surfaces.  The  development  or  regression  of 
the  various  teeth  in  different  groups  is  closely  related  to  the  food  habits 
of  the  particular  animal.  The  carnivores,  for  example,  have  well- 
developed  canine  teeth  for  killing  prey  and  tearing  meat;  rodents  have 
well-developed  incisors  useful  for  gnawing;  cattle  have  huge  molars 
for  chewing  plant  materials;  and  human  beings  have  all  types  equally 
well-developed,  reflecting  the  fact  that  they  eat  everything.  Much 
can  be  learned  of  the  food  habits  of  a  mammal  simply  by  studying  its 
teeth. 

Since  the  number  and  types  of  teeth  vary  in  different  mammals, 
a  shorthand  method  has  been  developed  for  expressing  it.  This  is 
known  as  the  tooth  formula.    The  number  of  teeth  of  each  type  on  each 

2-1-2-3 
half  of  the  jaw  is  indicated  in  the  following  manner:  •     This 

represents  the  tooth  formula  of  an  adult  man  and  shows  that  there  are 
two  incisors,  one  canine,  two  premolars,  and  three  molars  on  each  side 
of  both  the  upper  and  lower  jaws,  making  a  total  of  32  teeth.     The 
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3-1-3-1  .  ,  ,  1-0-0-3 
cat's  formula  is  .     The  rat  has  the  followinp^  formula:  . 

3-1-2-1  1-0-0-3 

The  space  where  no  teeth  are  present  is  known  as  the  diastema. 

In  most  mammals,  the  individual  has  but  two  sets  of  teeth  to  serve 
him  throughout  his  lifetime.  The  first  set,  known  as  the  "milk  teeth," 
consists  of  an  incomplete  set.  After  the  last  "milk  molar"  erupts,  the 
permanent  molars  appear.  Before  these  are  completely  in  place,  the 
"milk  teeth"  are  gradually  replaced  by  the  permanent  incisors,  canines, 
and  premolars. 

Most  teeth  do  not  continue  growth  once  they  are  in  place.  There 
are  exceptions  to  this  generalization.  The  incisors  of  rodents  and 
the  tusks  of  pigs  grow  indefinitely.  It  is  only  by  gnawing  that  the 
ends  of  these  teeth  are  kept  short  and  sharp. 

Horns. — Horns  are  found  only  among  the  hoofed  animals  and 
are  of  several  types.  The  simplest  type  is  that  known  as  the  keratin- 
fiber  horn.  This  type  is  found  among  the  rhinoceroses  and  is  entirely 
epidermal.  It  is  formed  of  hairlike  keratin  fibers  cemented  together 
into  a  compact  mass. 

Antlers  found  among  the  deer  consist  entirely  of  a  bony  outgrowth 
from  the  skull  and,  properly,  should  not  be  included  in  this  discussion. 
At  first,  they  are  covered  with  a  hairy  skin,  "the  velvet,"  which  ulti- 
mately dries  and  rubs  off.  This  represents  the  only  integumentary 
portion  of  these  horns.  The  horns  are  shed  at  the  end  of  the  second 
year  before  the  mating  season.  Following  this,  the  skin  grows  over 
the  wound,  and  a  new  pair  of  antlers  starts  growing. 

The  horns  of  cattle  are  known  as  hollozv  horns.  These  are  strictly 
epidermal  structures  which  are  not  shed.  The  germinativum  layer  con- 
stantly restores  the  horn  as  it  wears  away.  The  horn  thus  is  a  hollow 
corneal  structure  which  fits  over  a  core  of  bone  attached  to  the  skull. 

The  last  type  of  horn  is  that  known  as  the  pronghorn.  These  are 
found  in  the  pronghorn  antelope.  These  horns  consist  of  permanent 
bony  antlers  covered  with  a  sheath  of  horny  integument.  This  latter 
part  is  shed  periodically  and  then  replaced.  The  bony  core,  however,  is 
permanent. 

Feathers. — Feathers  are  found  in  but  one  class  of  vertebrates, 
the  birds.  For  these  animals,  the  feathers  serve  a  number  of  very  use- 
ful purposes.  They  are  excellent  insulators,  helping  to  maintain  the 
high  body  temperature  characteristic  of  these  animals;  they  are  ex- 
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ceedingly  light  in  weight,  thus  giving  warmth  and  support  and  adding 
little  to  the  total  weight  of  the  bird;  and  they  offer  broad  surfaces  for 
aid  in  flying.  Feathers  are  epidermal  in  origin  and  are  considered  to 
be  highly  modified  scales. 

Three  types  of  feathers  (Fig.  25)  can  be  distinguished  in  birds. 
The  largest  and  most  conspicuous  of  these  are  the  quill  feathers.  These 
include  the  feathers  of  the  wings,  tail,  and  the  large  contour  feathers 
that  clothe  the  body.  All  surfaces  of  the  body  do  not  have  these  feathers, 
rather  they  are  arranged  in  definite  patches  and  tracts.  The  naked 
areas  between  the  feather  tracts  are  not  unprotected,  for  the  large  con- 
tour feathers  overlap  to  cover  them. 


Fig.  25. — Types  of  feathers.     A,  Contour;  B,  enlarged  portion  of  contour; 

C,  filoplume;  D,  down. 


Beneath  the  large  contour  feathers  are  the  smaller  down  feathers. 
These  are  close  to  the  skin  and  provide  insulation.  In  the  young 
bird  they  are  the  main  feathers  seen,  but  they  are  soon  concealed  by 
the  developing  contour  feathers. 

The  third  type  of  feathers  are  the  filoplnmes  which  superficially 
look  like  hairs.  They  are  scattered  over  the  body  among  the  contour 
feathers. 

The  structure  of  one  of  the  large  wing  feathers  may  be  considered 
as  typical.  The  basal  portion  of  the  feather  is  the  hollow  quill  which 
narrows  distally  into  the  shaft.  There  is  a  small  opening  at  the  base 
of  the  quill  and  another  at  the  apex.  The  expanded  portion  of  the 
feather  is  the  vein  which  consists  of  harhs  and  barbules.  The  barbules 
have  tiny  hooks  which  interlock  to  form  a  broad  smooth  surface  for 
flight.  If  this  smooth  surface  is  in  some  way  broken,  the  bird  easily 
repairs  the  damage  by  preening  itself. 
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Periodically  the  bird  sheds  its  feathers  in  a  process  known  as 
molting.  The  dead  feather  falls  out  from  its  socket,  and  the  living 
cells  of  the  stratum  germinativum  form  a  new  feather.  During  molt- 
ing, the  feathers  in  the  center  of  the  feather  tracts  fall  out  first. 

The  remarkable  colors  often  seen  in  bird  feathers  may  be  due 
either  to  pigments  deposited  during  the  growth  period  or  to  physical 
structures  which  refract  the  light.  The  iridescent  sheen  seen  on  some 
birds'  plumage  is  due  entirely  to  light  refraction. 

Hair. — As  feathers  are  characteristic  of  birds,  hair  is  character- 
istic of  mammals.  Even  such  seemingly  hairless  mammals  as  the 
whales  have  a  coat  of  hair  during  their  early  development.  For  most 
mammals,  the  hair  is  an  effective  insulating  mechanism,  one  which  makes 
it  possible  for  this  group  to  live  in  even  the  coldest  regions. 

The  individual  hair  (Fig.  21)  projects  at  an  angle  from  the  hair 
follicle  in  the  skin.  Opening  into  this  pit  are  the  sebaceous  glands 
which  secrete  sebum  for  maintaining  the  typical  softness  of  the  skin 
and  hair.  The  hair  itself  has  two  main  portions :  the  root  within  the 
follicle,  and  the  shaft,  the  portion  outside  the  follicle.  Except  at  its 
very  base,  the  hair  consists  of  the  heavily  keratinized  epidermal  cells 
which  are  dead.  Nutrition  is  supplied  to  the  hair  follicle  by  a  hair 
papilla  which  is  in  close  contact  with  the  follicle. 

In  cross  section  the  hair  is  seen  to  have  three  areas :  the  inner 
core  or  medulla  which  is  lacking  in  human  hair,  a  ring  or  cortex 
which  makes  up  the  bulk  of  the  hair,  and  a  thin  outer  layer  of  cuticle 
cells.  When  the  shaft  of  the  hair  is  rounded  in  cross  section,  the  indi- 
vidual hair  is  straight ;  if  flattened,  the  hair  is  curly. 

Each  follicle  is  supplied  with  a  muscle  w^hich  can  raise  the  hair 
when  contracted.  The  action  of  this  muscle  is  very  clear  if  one  should 
happen  to  see  an  angry  dog.  The  hair  on  the  scruff  of  the  neck  stands 
upward,  while  the  cat  (which  may  be  the  source  of  the  trouble)  ap- 
pears to  have  a  much  larger  tail.  In  man  this  muscle  is  of  little  value, 
causing  "gooseflesh"  when  he  becomes  very  cold  or  frightened.  These 
muscles  are  not  under  voluntary  control. 

Mammalian  hair  is  arranged  in  vortices  or  streams  over  the  sur- 
face of  the  body.  The  vortices  are  often  around  structures  such  as  the 
tail  or  horns.  The  many  different  streams  and  vortices  are  best  seen 
in  an  animal  such  as  a  short-haired  dog  or  on  a  horse. 

Hairs  are  often  specialized  for  particular  functions.  Thus  the  eye- 
brows and  eyelashes  protect  the  eyes,  hairs  in  the  ears  and  nose  catch 
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dust  particles.  The  cat  possesses  special  stiff  hairs,  the  vibrissae  about 
its  snout.  These  serve  as  feelers.  The  heavy  pelt  of  the  fur-bearing 
animal  is  an  excellent  insulator  as  well  as  a  shedder  of  rain.  The  fur 
of  these  animals  consists  of  dense  soft  hairs  with  some  longer  stiff 
guard  hairs  scattered  throughout.  The  spines  of  the  porcupine  are 
hard  rigid  hairs,  and  the  bristles  of  swine  are  stiff  elastic  ones. 

The  growth  of  hair  may  be  either  definitive  or  indefinite.  Definitive 
hairs  such  as  are  found  over  most  of  man's  body  grow  to  a  certain 
length.  Then  the  individual  hair  is  pinched  off  from  its  source  of 
nutrition  in  the  follicle.  This  hair  is  then  shed,  and  a  new  one  starts 
growth.  The  hair  of  the  head  grows  indefinitely  in  length.  With  many 
animals  molting,  the  shedding  of  the  hair,  occurs  at  regular  intervals, 
while  in  man  it  occurs  at  all  times. 

Hair  color  is  due  to  pigments  deposited  in  the  cortex  during  growth. 
Graying  occurs  when  the  amount  of  pigment  is  decreased,  and  the 
light-reflecting  areas  between  the  cells  become  more  numerous. 

Other  Integumentary  Derivatives. — Many  other  unusual  struc- 
tures are  derived  from  the  ingenious  integument.  Some  examples  are 
the  strange  horny  beaks  of  birds  which  serve  a  tremendous  variety  of 
uses  to  these  highly  modified  animals,  and  the  similar  beaks  which  are 
found  among  the  turtles.  The  rattle  on  the  rattlesnake's  tail  is  also 
derived  from  the  epidermis.  Each  time  the  snake  molts,  a  button  of 
cells  from  the  stratum  corneum  is  left  behind.  These  rings  are  quite 
loose  and  rattle  when  the  tail  is  vibrated.  The  successful  outcome 
of  a  cock  fight  is  often  dependent  upon  which  cock  has  the  best  spur, 
another  epidermal  derivative. 


CHAPTER  6 

THE  SKELETAL  SYSTEM 


With  but  few  exceptions,  all  animals  have  some  type  of  supporting 
structure.  These  structures  vary  from  the  simple  strengthening  rods 
found  among  some  single-celled  animals  to  the  complex  inner  skeleton 
of  the  vertebrates. 

Many  dififerent  types  of  structures  for  support  have  been  developed 
within  the  various  animal  groups.  Among  the  molluscs  (the  snails, 
clams,  octopuses,  etc.)  some  forms  have  heavy  outer  shells,  others  such 
as  the  octopus  actually  have  an  internal  "cuttlebone."  The  starfish  has 
heavy  calcareous  plates ;  corals  secrete  a  limy  coating.  Among  the  in- 
numerable animals  without  backbones,  the  invertebrates,  the  most  suc- 
cessful have  been  the  insects  and  their  allies.  Their  success  as  a  group 
is  in  a  great  part  due  to  their  having  a  skeleton  on  the  outer  surface 
of  the  body.  This  is  the  exoskeleton  which  is  formed  of  a  heavy 
chitinous  material.  By  contrast  the  vertebrates,  whose  success  as  a 
group  is  certainly  comparable  to  that  of  the  insects,  have  a  hard  in- 
ternal skeleton,  the  endoskeleton,  composed  of  bone  or  cartilage. 

FUNCTIONS  OF  A  SKELETAL  SYSTEM 

No  matter  what  type  of  supporting  structure  an  animal  has,  cer- 
tain functions  are  performed  by  it. 

1.  Support.  For  any  animal,  one  of  the  chief  functions  of  any 
skeletal  structure  is  to  give  support  to  the  softer  body  parts.  In  the 
various  invertebrate  groups,  this  function  is  frequently  secondary  to  that 
of  protection.  Among  the  vertebrates,  however,  support  has  assumed 
a  greater  importance  as  other  structures  take  over  the  function  of  pro- 
tection. The  large  size  of  many  of  the  vertebrates,  both  living  and 
fossil,  has  increased  the  need  for  more  efficient  support. 

2.  Protection.  The  exoskeleton  of  the  insects  and  the  heavy  shell 
of  the  clam  obviously  are  chiefly  protective  in  their  function.     The  soft 
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inner  parts  of  these  animals  are  well  shielded  against  mechanical  in- 
jury, and,  in  the  case  of  the  insect,  against  desiccation.  For  the  verte- 
brates, much  of  this  function  is  taken  over  by  the  integumentary  system 
and  its  derivatives.  Nevertheless  the  internal  skeleton  shields  the 
delicate  nervous  system  by  means  of  the  brain  case  and  backbone;  the 
lungs  and  heart  are  enclosed  within  the  protective  box  of  the  ribs, 
breastbone,  and  vertebral  column. 

3.  Body  Form.  The  general  form  of  the  body  is  determined  by 
the  shape  of  the  skeletal  elements.  These  individual  parts,  of  course, 
have  their  abrupt  angles  smoothed  by  overlying  muscles  and  fat.  The 
general  body  form  of  prehistoric  animals  has  been  determined  from 
careful  study  of  skeletal  remains.  Even  the  features  of  prehistoric 
man  are  familiar  due  to  the  many  paintings  which  have  been  made 
from  reconstructions  of  this  type. 

4.  Muscle  Attachment.  For  both  the  insects  and  the  verte- 
brates the  skeletal  system  serves  as  a  place  to  attach  muscles  which  make 
bodily  movements  possible.  \'arious  bony  protuberances  in  the  verte- 
brate skeleton  serve  as  anchorage  points  for  most  of  the  large  skeletal 
muscles. 

5.  Movement.  The  exoskeleton  of  the  insects  is  divided  into 
various  segments  and  the  appendages  are  jointed.  Similarly  the  endo- 
skeleton  of  the  vertebrates  is  composed  of  many  bones  of  various  shapes 
and  sizes.  It  is  to  these  various  parts  that  the  organism  owes  its  ability 
to  move.  By  muscle  contractions,  the  individual  bones  or  parts  are 
able  to  change  their  positions  and  thus  bring  about  movements. 

6.  Blood  Cell  Formation.  It  is  only  among  the  vertebrates  that 
the  skeletal  system  assumes  this  important  function  of  producing  the 
red  blood  corpuscles  as  well  as  many  of  the  white  blood  cells.  These 
cells  are  produced  in  the  central  marrozu  cavities  of  the  long  bones  of  the 
appendages. 

7.  Mineral  Reserves.  In  recent  years,  it  has  become  apparent 
that  the  bones  may  be  recognized  as  being  a  source  through  which  the 
calcium  and  phosphorus  level  of  the  blood  is  kept  constant.  Recent 
work  has  indicated  that  in  a  fifty-day  period,  one-fourth  of  the  mineral 
content  of  the  bones  is  changed.  This  is  a  constant,  dynamic  process 
in  which  the  calcium  and  phosphorus  of  the  bones  are  being  removed 
and  stored.    By  this  means,  the  level  of  these  two  minerals  in  the  blood 
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is  kept  constant.  In  cases  of  extreme  demand  (starvation  or  preg- 
nancy), calcium  and  phosphorus  may  be  removed  from  the  bones. 

From  the  above  discussion,  it  is  apparent  that  the  endoskeleton  of 
the  vertebrates  plays  a  more  varied  role  in  the  life  of  these  animals  than 
does  the  exoskeleton  of  the  insects  and  their  allies.  The  exoskeleton 
is  very  effective  as  a  protective  covering  and  as  a  place  for  muscular 
attachment.  Undoubtedly  this  type  skeleton  has  been  one  of  the  major 
reasons  for  the  success  of  this  tremendously  varied  group  of  animals. 
There  are,  however,  certain  inherent  disadvantages  to  this  exoskeleton. 
For  one,  the  animal  is  literally  imprisoned  within  its  inflexible  armor. 
For  growth  to  occur,  it  must  burst  out  at  periodic  intervals.  During 
these  molts,  the  animal  has  a  soft  surface  which  is  susceptible  to  drying 
and  attack  by  other  forms.  Further,  since  during  the  molting  period 
the  soft  tissues  are  unsupported,  large  size  cannot  be  attained.  Typically 
the  land-dwelling  insects  and  their  allies  are  relatively  small  animals. 

On  the  other  hand,  the  size  attainable  by  the  vertebrates  may  be 
tremendous.  Compare  the  size  of  the  modern  elephant  with  the  largest 
of  the  insects,  and  you  realize  that  the  support  offered  by  the  endo- 
skeleton is  indeed  great.  It  is  a  living  growing  part  of  the  animal's 
body;  it  changes  with  the  changing  body  form  and  size  of  the  animal. 

TISSUES  OF  THE  VERTEBRATE  SKELETAL  SYSTEM 

The  skeleton  is  composed  entirely  of  supporting  tissues  of  two  gen- 
eral types :  cartilage  and  bone.  Typically  cartilage  is  a  semitransparent 
material  with  the  living  cells  located  within  special  small  spaces  called 
lacunae.  It  is  without  penetrating  blood  vessels.  Bone,  the  most  abun- 
dant of  the  skeletal  materials,  is  a  hard,  opaque,  calcified  material. 
Within  it  are  the  bone  cells,  likewise  located  in  lacunae.  Blood  ves- 
sels penetrate  this  hard  material  through  special  canals. 

Cartilage. — Cartilage  (Fig.  26)  is  the  principal  component  of  the 
skeleton  of  certain  fishes  such  as  the  shark  and  of  the  embryos  of  the 
other  vertebrates.  In  most  adult  skeletons,  cartilage  is  found  only  in 
relatively  small  areas  where  special  flexibility  is  desired.  Three  types 
of  cartilage  are  recognizable,  depending  upon  the  type  of  material  found 
in  the  intercellular  substance  or  matrix.  These  types  are  hyaline,  fibrous, 
and  elastic. 

Hyaline  cartilage  is  intimately  associated  with  various  parts  of  the 
skeleton.  It  is  found  at  the  ends  of  bones  where  it  forms  thick  cushion- 
ing articulating  points ;  at  the  ends  of  ribs ;  and  it  enters  into  the  forma- 
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tion  of  parts  of  the  ear,  nose,  and  respiratory  system.  In  the  embryo, 
this  is  the  major  type  of  cartilage  present,  and  is  the  material  in  which 
most  of  the  bones  are  laid  down. 

The  matrix  of  this  hyaline  cartilage  is  a  homogeneous  semitrans- 
parent  material  through  which  are  spread  numerous  connective  tissue 
fibers.  Widely  scattered  through  the  matrix  are  the  rounded  lacunae 
containing  the  cells. 

Fibrous  or  zvhite  cartilage  is  a  modification  of  the  hyaline  cartilage 
in  which  a  large  number  of  white  fibrous  connective  tissue  strands  are 
imbedded  in  the  matrix.  This  tissue  is  found  between  the  bodies  of  the 
vertebrae  and  often  in  areas  near  joints.  It  is  very  strong  and  has 
a  degree  of  flexibility  not  found  in  bones. 
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Fig.  26. — Types  of  cartilage. 


Elastic  or  yellow  cartilage  has  a  matrix  that  contains  many  yellow 
elastic  connective  tissue  fibers.  The  presence  of  these  fibers  gives  great 
elasticity  as  well  as  a  certain  degree  of  strength  to  this  issue.  Elastic 
cartilage  is  found  in  the  external  ear,  in  the  epiglottis,  and  the  cartilages 
of  the  pharynx. 

Bone. — Bony  tissue,  in  contrast  to  cartilaginous  tissue,  is  a  hard, 
nontransparent,  calcified  material.  Approximately  two-thirds  of  its 
weight  is  due  to  the  presence  of  mineral  salts.  The  remaining  one-third 
of  the  weight  is  due  to  the  living  cells,  blood  vessels,  and  other  organic 
materials. 

The  microscopic  structure  of  bone  is  best  understood  if  first  the 
macroscopic  details  are  considered.  These  latter  are  best  seen  by  ex- 
amining a  longitudinal  section  (Fig.  27)  of  a  bone  such  as  one  of  the 
long  leg  bones.  The  exterior  portion  of  this  bone  is  composed  of  heavy, 
compact  bone,  while  at  both  ends  is  a  region  composed  of  porous  tissue 
known  as  spongy  bone.  The  shaft  of  the  bone  is  hollowed  out  in  the 
center  to  form  the  marrow  cavity.     The  marrow  which  fills  this  cavity 
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is  a  complex  material  containing  many  marrow  cells,  fat  cells,  other 
types  of  cells,  blood  vessels,  and  nerves.  The  entire  bone  is  sheathed  in 
a  tough,  connective  tissue  material  known  as  the  periosteum.  Penetrat- 
ing the  compact  tissue  of  the  bone  are  many  small  openings  through 
which  blood  vessels  and  nerves  pass  into  the  bony  tissue  and  marrow. 


/SYNOVIAL    FLUID 

''ARTICULAR    CARTILAGE  PERIOSTEUM- 

iMARROW 


vCOMPACT  BONE 


jblood  vessel 


«MARROW    CAVITY 


'ARTICULAR   UCAMENT 


Fig.  27. — Diagram  of  the  structure  of  a  long  bone  and  joint.     (From  Neal  and  Rand: 
Chordate  Anatomy,  The  Blakiston  Company.) 


Microscopically  a  cross  section  through  the  compact  bone  (Fig. 
28)  shows  that  it  consists  of  many  series  of  concentric  rings.  In  the 
center  of  each  series  of  these  is  a  canal,  the  Haversian  canal.  Each 
series  of  rings  or  lamellae,  with  its  central  canal,  is  known  as  a  Haver- 
sian system.  Located  more  or  less  between  these  rings  are  small  spaces, 
the  lacunae,  which  contain  the  living  bone  cells,  the  osteoblasts.  Ex- 
tending outward  from  each  lacuna  are  numerous  tiny  passages,  canali- 
cules.  These  form  passageways  for  the  movements  of  fluids  from  the 
Haversian  canal  into  the  lacunae,  from  one  lacuna  to  another,  and  from 
one  lamella  to  another.  These  canalicules  do  not  communicate  from  one 
Haversian  system  to  another  as  the  systems  are  effectively  set  off 
from  each  other  by  special  cementing  lines. 

Through  each  Haversian  canal  there  pass  usually  two  blood  vessels. 
These  blood  vessels  are  nearly  always  capillaries,  and  the  fluids  carried 
by  them  are  able  to  pass  into  the  communicating  canalicules  and  thence 
to  the  lacunae. 

The  blood  vessels  are  able  to  pass  into  the  bony  tissue  through 
special  canals  which  communicate  with  both  the  Haversian  canals  and 
the  marrow  cavity.     Frequently  the  Haversian  canals  also  communi- 
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cate  with  the  marrow  cavity.  These  special  canals  are  easily  distin- 
guished from  the  Haversian  canals  by  the  fact  that  they  contain 
larger  blood  vessels  and  are  not  surrounded  by  concentric  lamellae. 


LACUNA 
CANALICULt 


INTEBSTIKAL 
LAMELLA 


Fig.  28. — Ground  section  of  compact  bone. 


BONE  GROWTH 

In  the  embryo,  most  bones  of  the  skeleton  are  laid  down  as  carti- 
lage. The  embryo  thus  has  a  skeleton  which  is  a  miniature  of  the  adult 
one.  Clearly  many  changes  in  relationships  of  parts  to  one  another 
and  to  other  structures  of  the  body  must  take  place  as  growth  occurs. 
This  involves  both  destruction  of  existing  materials  and  construction 
of  new  materials.  Having  the  bones  in  cartilage  during  the  early  growth 
makes  for  many  definite  advantages.  Cartilage  is  capable  of  internal 
expansion  while  bone  can  grow  only  by  addition  of  materials  on  the 
outer  surface.  If  the  skeleton  were  formed  originally  in  bone,  articula- 
tions and  muscle  attachments  could  not  retain  their  correct  relationships. 

In  the  embryonic  cartilaginous  bone,  the  regions  of  the  adult  struc- 
ture may  be  clearly  seen.  The  first  change  that  is  evident  in  the  replace- 
ment of  cartilage  by  bone  is  in  the  center  of  the  shaft  or  diaphysis. 
The  cells  in  this  area  enlarge  and  the  substance  between  them  becomes 
calcified.  Some  of  these  calcified  cells  disintegrate  and  a  cavity  appears. 
Blood  vessels  break  in  and  enter  this  newly  formed  cavity  which  then 
becomes  filled  with  embryonic  bone  marrow.  Some  of  the  cells  in  this 
marrow  change  to  become  bone-forming  cells  or  osteoblasts,  which  sur- 
round the  remaining  cartilage  with  layers  of  bone.     This  process  gradu- 
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ally  results  in  producing  a  marrow  cavity  surrounded  by  bony  tissue. 
During  growth,  much  bony  tissue  is  provisional,  and  is  resorbed  and 
replaced.  The  whole  rearrangement  is  a  very  complex  but  orderly 
process.  As  the  cartilage  is  replaced  in  the  central  region  of  the  bone, 
it  grows  toward  the  ends  with  the  calcification  process  continuously  re- 
placing it  with  bone.  Thus  one  process  follows  the  other  toward  the 
ends  of  the  bone.  The  cartilage  is  not  wholly  replaced  until  the  adult 
structure  is  completed.  Even  then,  portions  of  hyaline  cartilage  are 
present  at  the  articulating  ends  of  the  bones. 


EPIPHYSIS 
GROWTH   DISC 


DIAPHVSIS. 


Fig.  29. — Diagrams  showing  the  development  of  a  long  bone.  Compact  bone, 
black;  spongy  bone,  fine  stipple;  marrow,  coarse  stipple;  cartilage,  white.  (Modi- 
fled  from  various  sources.) 


Even  in  embryonic  bone,  it  is  possible  to  see  that  at  each  end  of 
the  shaft  or  diaphysis  is  another  region,  the  epiphysis,  which  is  sepa- 
rated from  the  diaphysis  by  a  ring  of  cartilage.  Each  epiphysis  develops 
its  own  ossification  center  at  the  same  time  that  the  diaphysis  is  under- 
going its  change  to  bone.  Often  the  epiphysis  has  its  cartilage  com- 
pletely replaced  before  the  diaphysis  does.  It  then  becomes  an  im- 
portant center  for  muscle  attachment  and  articulation  with  other  bones. 

Between  the  epiphysis  and  each  diaphysis,  the  band  of  cartilage  is 
the  zone  in  which  growth  takes  place.  It  is  here  that  the  cartilage  con- 
tinues to  grow  and  to  be  replaced  by  bone  from  the  epipl'tyses  and 
diaphysis.     This  band  permits  the  bone  to  grow  in  length  until  the 
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adult  structure  is  completed.  Finally  when  this  occurs,  the  zone  of 
cartilage  is  completely  ossified,  the  division  is  closed,  and  no  further 
growth  occurs. 

Membrane  Bones. — Most  bones  of  the  mammalian  skeleton  are 
of  the  cartilage  type  just  described.  However,  a  few  of  the  bones  of 
the  skull,  jaws,  and  shoulder  girdle  are  of  the  membrane  type.  Mem- 
brane bones  are  formed  in  the  skin  tissues  and  are  derived  from  modi- 
fied scales. 

These  bones  develop  as  thin  bony  plates  in  the  dermis.  Gradually 
they  grow  in  size  and  become  thicker  by  the  deposition  of  bone  on 
the  outer  and  inner  surfaces.  These  bony  plates  then  sink  in  to  become 
part  of  the  skeleton. 

DIVISIONS  OF  THE  MAMMALIAN  SKELETON 

Some  206  different  bones  make  up  the  human  skeleton.  These  are 
of  many  shapes  and  sizes,  depending  upon  their  location  and  the 
functions  which  they  perform.  These  bones  may  be  conveniently 
grouped  into  the  various  divisions  of  the  skeleton  in  the  following 
manner. 

A.  Axial  skeleton 

Skull 
Vertebrae 
Ribs 
Sternum 

B.  Visceral 

Portions  of  the  jaw 

Hyoid  apparatus 

Cartilages  of  the  larynx,  epiglottis,  and  trachea 

C.  Appendicular 

Pectoral  girdle  and  forelimbs 
Pelvic  girdle  and  hindlimbs 

D.  Miscellaneous  bones. 

Bones  have  many  protuberances,  depressions,  and  passageways. 
Various  terms  have  been  used  to  describe  these  dififerent  features. 
Before  beginning  a  consideration  of  the  individual  bones,  it  will  be 
best  to  mention  soine  of  the  principal  terms  used. 

Condyle:  A   smooth  protuberance  at  the  end  of  a   bone   which   articu- 

lates with  another  bone. 
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Foramen :  An  opening  in  a  bone  for  the  passage  of  nerves  and  blood 

vessels. 
Fossa:  A  depression. 

Process:  A  protuberance  or  projecting  part  of  a  bone. 

Suture :  Line  of  union  between  bones  of  the  skull,  often  irregular. 

Symphysis :       Union  of  two  bones  by  means  of  cartilage. 

THE  AXIAL  SKELETON 

As  its  name  implies,  the  axial  skeleton  (Fig.  30)  is  really  the 
axis  of  the  body.  It  is  composed  of  the  skull,  the  backbone,  the  ribs, 
and  the  sternum.  To  it  are  attached  the  girdles  and  appendages  of  the 
appendicular  skeleton.  In  addition,  it  has  the  function  of  providing  a 
strong  protective  housing  for  the  delicate  brain  and  spinal  cord. 

The  axial  skeleton  is  one  of  the  chief  distinguishing  features  of 
the  chordate  phylum.  All  members  of  this  phylum  have  some  sort  of 
dorsal-supporting  structure ;  that  is,  all  possess  a  dorsal  cartilaginous 
rod,  the  notochord,  during  some  period  of  their  development.  This 
cartilaginous  rod  is  retained  throughout  life  only  among  certain  proto- 
chordates  and  some  low^er  vertebrates.  In  the  higher  vertebrates,  the 
notochord  is  replaced  by  the  vertebrae  in  a  process  of  gradual  growth 
which  squeezes  out  the  cartilaginous  elements  of  the  notochord.  In 
the  adults  of  these  forms,  the  notochord  remains  only  as  cartilaginous 
pads  between  the  individual  vertebrae. 

The  Skull. — The  most  anterior  part  of  the  axial  skeleton  consists 
of  the  skull  (Fig.  31)  which  provides  housing  for  the  brain,  support 
for  the  jaws,  and  protection  for  the  sense  organs  of  smelling,  seeing, 
and  hearing. 

Among  the  different  vertebrates,  the  skull  is  variously  developed. 
In  such  forms  as  the  more  primitive  fish  there  may  be  up  to  180  differ- 
ent bones  in  the  skuU-  In  the  changes  that  have  taken  place  among 
the  vertebrates,  the  number  of  bones  has  been  reduced  by  coalescing 
of  various  elements.    In  man  there  are  only  29  separate  bones. 

The  skull  is  derived  from  two  separate  sets  of  bones.  One  of 
these,  the  inner,  is  laid  down  in  cartilage,  while  the  outer  consists  of 
membrane  bones.  It  is  generally  believed  that  the  outer  bony  part 
of  the  skull  corresponds  to  the  dermal  scales  of  the  ganoid  fish  such  as 
the  gar.  The  inner  skull  is  at  first  cartilaginous  and  is  replaced  by 
bone.  A  cartilaginous  skull  has  been  retained  only  in  a  few  fish 
such  as  the  shark.  The  dermal  scales  have  sunk  in  to  coalesce  with  the 
cartilaginous  portions  in.  other  forms. 
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Fig.  30. — Human  skeleton.     (From  Parker  and  Clarke:     Animal  Biology, 

The  C.  V.  Mosby  Company.) 
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Functionally  the  skull  may  be  considered  to  consist  of  two  main 
regions.  The  cranium  proper  houses  the  brain,  while  the  remainder 
of  the  skull  protects  the  sense  organs  and  surrounds  the  upper  por- 
tion of  the  digestive  tract.  This  latter  part  constitutes  the  bones  of 
the  face. 
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Fig.  31. — The  human  skull.  A,  Embryonic  membrane  bones  shown  as  black, 
the  cartilage  cranium  stippled;  B-D,  adult.  B,  basal  view;  C,  frontal  view;  D, 
lateral  view.     (From  Neal  and  Rand:     Chordate  Anatomy,  The  Blakiston  Company.) 


The  mammalian  skull  has  the  dorsal  part  composed  of  the  nasal 
hone  which  protects  the  top  of  the  nose,  the  frotital,  parietal,  and  inter- 
parietals. Posteriorly  the  skull  is  composed  of  the  occipital  complex, 
and  laterally  of  the  premaxilla  (absent  in  man),  maxilla,  and  temporal 
hones,  and  the  sphenoidal  complex.  Laterally  a  portion  of  the  temporal 
and  malar  hones  form  the  zygomatic  arch.  The  orbit  of  the  eye  is 
formed  from  elements  of  several  bones,  including  the  frontal,  the  maxilla, 
the  sphenoid,  and  the  malar.    Along  the  anterior  wall  of  the  orbit  is  the 
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lacrimal  bone.  This  is  a  small  bone  containing  an  opening  through  which 
tears  pass  into  the  nasal  cavity.  Ventrally  the  skull  consists  of  a  portion 
of  the  maxilla,  the  palatine,  the  sphenoidal  complex,  and  part  of  the 
occipital  complex.  The  hard  palate  which  provides  the  ventral  bound- 
ary of  the  air  passageway  is  formed  from  portions  of  the  maxilla  and 
the  palatine.  Above  the  hard  palate,  the  ethnoids  and  vomers  separate 
the  nasal  passageways  within  which  are  the  coiled  turbinates. 

The  jaws  which  originate  as  portions  of  the  visceral  skeleton  be- 
come part  of  the  skull  in  the  adult.  Both  structurally  and  functionally 
they  cannot  be  separated  from  this  portion  of  the  axial  skeleton  even 
though  their  origin  is  somewhat  different.  The  upper  jaw  is  formed 
principally  of  portions  of  the  premaxilla  and  maxilla.  The  lower  jaw 
or  mandible  consists  of  a  pair  of  bones  which  are  fused  in  front  at 
the  mandibular  symphysis.  Posteriorly  the  mandible  articulates  with 
the  mandibular  fossa  of  the  temporal  bone. 

The  cranium  is  a  hollow  box  of  very  light  though  strong  con- 
struction for  housing  the  brain.  The  cranial  cavity  is  variously  shaped 
and  molded  to  conform  to  the  surface  configurations  of  the  brain.  At 
the  base  of  the  cranial  cavity  a  small  depression,  the  sella  turcica,  con- 
tains the  pituitary  gland.     (Fig.  44.) 

Many  protuberances  and  processes  are  present  on  the  various  bones 
of  the  skull.  Located  on  the  temporal  bone  is  the  rounded  tympanic 
bulla  which  contains  the  bones  of  the  ear.  Near  this  are  two  other 
projections,  the  jugal  and  mastoid  processes.  At  the  base  of  the 
occipital  bone  are  the  two  rounded  occipital  condyles  which  articulate 
the  skull  with  the  first  neck  vertebra.  The  heavy  lambdoidal  ridge  is 
located  at  the  upper  part  of  the  occipital  bone.  This  latter  ridge  and 
the  jugal  and  mastoid  processes  are  important  for  muscle  attachments. 
They  are  but  a  few  of  the  many  processes  present  on  the  skull. 

There  are  approximately  twenty-three  openings  present  on  por- 
tions of  the  mammalian  skull  for  the  passage  of  nerves  and  blood 
vessels.  The  largest  of  these  is  at  the  base  of  the  occipital  bone 
between  the  occipital  condyles.  This  is  the  foramen  magnum  through 
which  the  posterior  portion  of  the  brain  passes  to  become  the  spinal 
cord.  At  the  back  of  the  orbit  of  the  eye  is  a  foramen  for  the  passage 
of  the  optic  nerve.  The  large  infraorbital  foramen  in  the  maxilla 
permits  the  passage  of  an  important  nerv^e,  while  the  external  audi- 
tory meatus  in  the  tympanic  bulla  provides  an  inlet  for  the  ear. 

The  frontal,  ethnoid,  maxillary,  and  sphenoidals  have  spaces  or  cav- 
ities within  them  known  as  sinuses  (Fig.  44).     These  sinuses  connect 


104         The  Vertebrate  Organ  Systems 

by  narrow  passageways  to  the  nasal  cavity.  Due  to  their  small  passage- 
ways and  lining  of  mucous  membranes,  they  often  become  infected. 
These  spaces  give  resonance  to  the  voice. 

At  birth  the  skull  has  not  completely  ossified.  The  ossification 
proceeds  from  the  centers  of  the  bones  toward  the  edges,  leaving  areas 
between  bones  which  are  only  covered  with  membranes.  These  rela- 
tively unprotected  areas  are  known  as  fontanels,  due  to  a  fancied 
resemblance  of  the  pulsating  blood  vessels  beneath  to  a  fountain. 
These  fontanels  disappear  after  birth.  No  doubt,  they  are  a  useful 
adaptation  allowing  some  squeezing  of  the  head  during  its  passage 
through  the  narrow  birth  canal.  The  ossified  portions  of  bone  can 
slip  over  one  another  without  harming  the  brain  below.  The  entire 
skull  is  quite  pliable  for  a  period  after  birth.  Many  primitive  tribes 
took  advantage  of  this  and  shaped  the  heads  of  infants  into  their  idea 
of  improvement  on  nature. 

Where  the  skull  bones  finally  join  to  one  another,  irregular  su- 
tures result.     This  zigzag  joining  gives  great  strength  to  the  skull. 

The  Backbone. — As  mentioned  previously,  a  dorsal-supporting 
notochord  is  characteristic  of  all  chordates.  Except  for  the  protochor- 
dates  and  a  few  fish,  the  notochord  is  replaced  by  the  individual  verte- 
brae that  form  the  backbone.  The  cartilaginous  notochord  offers  suffi- 
cient support  to  small  animals  dwelling  in  water,  but  a  terrestrial 
chordate  needs  the  greater  support  which  the  bony  vertebrae  provide. 

The  primary  function  of  the  backbone  is  to  give  needed  support 
to  the  body.  The  development  of  the  backbone  has  taken  the  form  of 
an  arch.  This  form  is  clearly  demonstrated  in  a  four-footed  animal, 
such  as  the  cat  or  dog,  where  the  arched  backbone  is  supported  by 
the  paired  legs.  This  type  of  construction  gives  great  strength  with 
a  minimum  of  bulk  and  weight.  Engineers  utilize  this  principle  con- 
stantly in  constructing  bridges  to  span  our  great  rivers.  The  upright 
posture  of  man  imposes  certain  additional  problems  on  this  arched 
column.  The  heavy  weight  of  the  skull  is  placed  on  the  upended 
column.  Balance  is  achieved  by  curvatures  in  the  region  of  the  neck 
and  above  the  pelvis.  These  are  the  cervical  and  litmbar  curvatures,  jj 
In  the  infant  these  curvatures  are  not  present ;  until  the  child  has  de-  ■ 
veloped  them  he  is  very  awkward  in  his  walking. 

Cartilage  is  a  very  flexible  material,  and  those  chordates  with 
notochords  move  through  the  water  by  sinuous  movements  of  the  body. 
While  allowing  for  great  flexibility,  it  is  clear  that  the  notochord  does 
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not  provide  sufficient  support  for  a  terrestrial  animal.  The  terrestrial 
animal,  while  needing  additional  support,  also  has  the  necessity  of  re- 
taining the  flexibility.  Both  flexibility  and  support  have  been  provided 
for  by  a  backbone  consisting  not  of  a  single  bony  element,  but  one 
formed  of  many  small  individual  parts  or  vertebrae.  The  cartilaginous 
pads  between  the  vertebrae  act  as  shock  absorbers,  cushioning  the  jars 
of  movements.  In  man  the  curvatures  of  the  spine  lend  additional 
flexibility  and  also  help  to  spread  shocks  throughout  the  entire  verte- 
bral column. 

As  another  function,  the  backbone  gives  complete  protection  to 
the  spinal  cord  by  means  of  special  arches  which  are  dorsal  to  the  main 
body  of  the  individual  vertebrae. 

As  another  important  function,  the  spinal  column  has  innumer- 
able surfaces  for  muscle  attachment.  These  masses  of  muscle  combined 
with  the  bony  elements  form  a  strong,  flexible  body  axis. 

In  mammals,  five  different  types  of  vertebrae  are  recognizable.  These 
are  the  cervical,  thoracic,  lumbar,  sacral,  and  caudal. .  The  structure  of 
a  thoracic  vertebra  may,  in  general,  be  studied  as  typical  of  that 
of  all  the  vertebrae. 

The  main  mass  of  the  vertebra  is  the  body  or  centrum.  Dorsal  to 
this  centrum  is  the  neural  canal  surrounded  by  the  curved  neural  arch. 
Dorsally  the  neural  arch  terminates  in  the  neural  spine  which  provides 
a  surface  for  muscle  attachment.  From  each  side  of  the  neural  arch 
extends  a  transverse  process  which  also  serves  for  muscle  attachment. 
Special  smooth  areas  at  the  ends  of  each  transverse  process  and  on 
each  centrum  serve  for  rib  articulation.  Each  vertebra  articulates  with 
its  neighbor  by  means  of  two  smooth  surfaces :  the  superior  and  inferior 
articular  processes.  The  inferior  articular  process  of  one  vertebra  over- 
laps the  superior  one  of  the  following  vertebra.  Where  the  two  verte- 
brae articulate,  an  intervertebral  foramen  is  present.  This  foramen  is 
a  passageway  for  nerves  entering  and  leaving  the  spinal  cord.  The 
vertebrae  of  each  region  have  this  same  general  structure  but  are  vari- 
ously modified. 

With  but  few  exceptions,  all  mammals  have  seven  cervical  ver- 
tebrae. All  have  highly  modified  transverse  processes  which  contain 
an  opening,  the  transverse  foramen,  through  which  the  vertebral  artery 
passes.  All  except  the  first  two  have  well-developed  neural  arches  and 
spines.  The  first  two  cervical  vertebrae  are  highly  modified  for  support 
and  movement  of  the  skull.  The  first,  the  atlas,  is  ring-shaped  and 
has  two  smooth  cuplike  depressions  which  articulate  with  the  occipital 
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condyles  of  the  skull.  The  second  vertebra,  the  axis,  has  a  projection 
from  the  anterior  surface  of  the  centrum,  the  odontoid  process, 
which  fits  into  the  ring  of  the  atlas,  and  provides  a  pivot  on 
which  the  skull  turns. 

The  thoracic  vertebrae  are  easily  distinguished  because  of  the  tall, 
backward  projecting  neural  spines  and  the  surfaces  for  rib  attachment. 

The  heavy  transverse  processes  for  the  attachment  of  the  large 
thigh  muscles  characterize  the  lumbar  vertebrae  (Fig.  32).  These  proc- 
esses are  directed  forward.  The  neural  spines  are  rounded  rather 
than  pointed. 


neural  spina 


Fig.  32. — Vertebrae  and  ribs.  A,  Rib  movements  in  breathing;  B,  rib  articula- 
tion, siiowing  pivot  points  (P);  C,  a  lumbar  vertebra  from  above;  D,  lumbar  ver- 
tebra, lateral  view.  (By  permission  from  Man  and  the  Biological  World  by  Rogers, 
Hubbell,  and  Byers,  copyright   1952.     McGraw-Hill   Book   Company,    Inc.) 
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The  sacral  vertebrae  are  fused  together  into  the  soHd  sacrum, 
which  is  articulated  with  the  pelvic  girdle.  The  individual  vertebrae 
forming  the  sacrum  can  be  identified  by  the  openings  between  them 
for  the  passage  of  the  spinal  nerves  and  by  the  neural  spines. 

The  caudal  vertebrae  are  highly  varied  in  number  in  different 
mammals.  They  consist  of  little  more  than  the  centrum.  In  man, 
the  three  to  five  caudal  vertebrae  are  fused  together  to  form  the  coccyx. 

The  number  of  vertebrae  differ  in  various  mammals. 

Man  Cat  Cozv  Rat 

Cervical 7  7  7                  7 

Thoracic 12  13  13  13 

Lumbar   5  7  6                  6 

Sacral  5  3  5                   4 

Caudal  3-5  18-25  18-20  24  or  more 

Total 32-34  48-53  49-51  54  or  more 


The  Thoracic  Basket.  —  The  thoracic  vertebrae,  ribs,  and 
sternum  make  up  the  thoracic  basket.  This  bony  enclosure  provides 
protection  for  such  important  organs  as  the  heart,  lungs,  and  the  large 
blood  vessels.  In  additions,  movements  of  the  ribs  are  important  for 
respiration  in  mammals. 

A  rib  (Fig.  32)  is  a  flattened  bone  that  is  curved  in  such  a  way 
as  to  slant  down  and  outward.  At  its  dorsal  end,  most  mammalian  ribs 
have  two  points  of  articulation,  the  head  and  the  tubercle.  These  are 
the  pivot  points.  The  head  articulates  on  special  smooth  areas  located 
between  centra  of  adjacent  thoracic  vertebrae.  The  tubercle  articulates 
on  the  end  of  a  transverse  process.  The  narrow  region  between  the  head 
and  tubercle  is  known  as  the  neck  and  the  main  part  of  the  rib  is  known 
as  the  slmjt.  In  man  there  are  twelve  pairs  of  ribs.  The  cartilages  at 
the  ventral  ends  of  the  first  seven  pairs  articulate  directly  with  the 
sternum  or  breastbone.  These  are  called  the  true  ribs.  Each  of  the 
ventral  cartilages  of  the  next  three  pairs  of  ribs  articulates  with  the 
cartilage  of  the  rib  just  anterior  to  it.  The  last  two  pairs  of  ribs, 
the  floating  ribs,  have  no  ventral  articulations.  These  last  five  pairs 
of  ribs  are  called  false  ribs. 

The  areas  between  the  shafts  of  the  ribs,  the  intercostal  spaces, 
are  filled  with  the  intercostal  muscles  which  aid  in  moving  the  ribs 
during  respiration. 
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As  each  rib  slopes  downward  and  outward,  the  chest  cavity  is 
larger  at  the  posterior  end  than  at  the  anterior.  The  ventral  articula- 
tion is  always  much  lower  than  is  the  dorsal  one. 

The  breastbone  or  sternum  consists  primarily  of  a  series  of  small 
bones,  the  sternebrae.  In  man,  many  of  these  sternebrae  have  become 
fused  to  form  the  gladiolus.  The  anterior  portion  remains  somewhat 
separated  as  the  manubrium,  while  posteriorly  there  is  a  small  carti- 
laginous process,  the  xiphoid  process. 

THE  VISCERAL  SKELETON 

Many  seemingly  unrelated  structures  such  as  portions  of  the 
upper  and  lower  jaws,  the  ear  ossicles,  the  cartilages  of  the  larynx,  and 
the  bone  supporting  the  tongue  make  up  the  visceral  skeleton  of  most 
verebrates.  These  are  grouped  together  because  they  originate  from 
similar  structures,  that  is,  gill  arches.  In  fish,  the  first  arch  has  been 
transformed  into  the  jaw,  but  the  others  are  still  functional  as  sup- 
porting structures  for  the  gills.  Gills  are  not  present  in  the  adult 
terrestrial  vertebrates,  but  the  gill  arches  still  form  in  the  embryo 
and  assume  other  functions  in  the  adult.  The  term  visceral  skeleton 
is  appHed  to  these  structures  because  of  their  original  association  with 
the  respiratory  tract  which  is  part  of  the  internal  organs,  the  viscera. 

The  first  gill  arch  forms  the  cartilaginous  elements  of  the  upper 
and  lower  jaws.  Among  most  vertebrates,  these  cartilaginous  ele- 
ments are  covered  by  the  investing  dermal  bones,  and  are  completely 
concealed.  This  situation  is  particularly  true  in  mammals  where  the 
cartilage  of  the  gill  arch  completely  disappears  in  the  adult  jaw.  Part 
of  the  first  gill  arch  also  forms  two  of  the  ear  ossicles  of  the  middle 
ear.  The  third  ear  ossicle  is  derived  from  a  portion  of  the  second 
gill  arch.  In  addition,  this  latter  arch  together  with  the  third  forms 
the  hyoid  apparatus,  which  supports  the  tongue.  The  fourth  and  fifth 
arches  give  rise  to  the  cartilages  of  the  larynx.  Other  gill  arches 
give  rise  to  the  cartilages  of  the  epiglottis  and  trachea. 

THE  APPENDICULAR  SKELETON 

The  bones  of  the  appendages  and  the  girdles  to  which  they  are 
attached  form  the  elements  of  the  appendicular  skeleton  (Fig.  30). 
Each  girdle  is  formed  from  three  pairs  of  bones,  while  the  appendages 
have  a  series  of  bones  which  are  variously  modified.  Among  those 
vertebrates  with  appendages,  there  are  many  modifications  which  are 
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associated  with  the  Hfe  habits  of  the  animal.  These  appendages  may 
be  suited  for  running,  climbing,  burrowing,  flying,  swimming,  grasp- 
ing, and  other  activities. 

Pectoral  Girdle  and  Forelimbs. — The  three  pairs  of  bones  com- 
posing the  pectoral  girdle  are  the  clavicle  or  collar  bone,  the  scapula 
or  shoulder  blade,  and  the  coracoid. 

The  clavicle  varies  in  importance  in  different  mammals.  In  an 
upright  form  such  as  man,  it  is  an  important  bone  for  muscle  attach- 
ment; while  in  a  quadruped  such  as  the  cat,  it  is  reduced  to  a  tiny 
bone  imbedded  in  the  chest  muscle.  In  birds,  it  forms  the  large 
"wishbone." 

The  large  blade-shaped  scapula  is  important  in  all  mammals  as 
an  attachment  point  for  the  heavy  muscles  of  the  arm  and  shoulder. 
Numerous  special  processes  on  the  scapula  accommodate  these  muscles. 
The  flattened  lateral  surface  is  divided  into  halves  by  one  of  these 
processes,  the  spine.  At  the  ventral  tip  of  the  spine  is  the  acromion 
process  and  to  one  side  in  some  species  is  the  metacromion  process. 
Ventrally  a  cup-shaped  indentation,  the  glenoid  fossa,  provides  a  place 
for  the  articulation  of  the  head  of  the  proximal  bone  of  the  arm.  The 
coracoid  is  much  reduced  in  mammals,  and  is  not  present  as  a  separate 
bone.  It  is  but  a  process  on  the  scapula.  In  birds,  it  is  a  large  structure 
which  helps  to  support  the  wings. 

The  forelinib  is  composed  of  a  series  of  bones,  the  most  proximal 
of  which  is  the  humerus.  Its  proximal  portion,  the  head,  articulates 
in  the  glenoid  fossa  of  the  scapula.  In  this  same  proximal  area  are 
roughened  enlargements,  the  greater  and  lesser  tuberosities,  which  pro- 
vide attachment  surfaces  for  arm  muscles.  At  the  distal  portion  of 
this  bone  are  the  rounded  condyles  which  form  articulating  surfaces  for 
the  bones  of  the  forearm.  Here  the  epicondylcs,  ridges  above  the  con- 
dyles, provide  additional  surfaces  for  muscular  attachment.  The  fore- 
arm is  formed  of  two  bones.  The  smaller  of  these,  the  radius,  is  able 
to  turn  and  thus  provides  free  movements  for  the  forearm.  The 
larger  bone,  the  tdna,  has  a  proximal  semilunar  notch  which  articu- 
lates with  the  condyles  of  the  humerus.  Above  this  notch  is  the  olec- 
ranon process  or  elbow.  Distally  these  two  bones  articulate  with  the 
small  cube-shaped  bones,  the  carpals.  These  also  allow  for  consider- 
able freedom  of  movement.  Distally  the  forearm  terminates  in  the 
long  metacarpals  and  finally  in  the  phalanges.  In  the  human  being 
the  carpals  form  the  wrist,  the  metacarpals  the  hand,  and  the  pha- 
langes the  fingers. 
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The  Pelvic  Girdle  and  the  Hindlimbs.— Like  the  pectoral  girdle, 
the  pelvic  girdle  is  formed  of  three  pairs  of  bones,  the  ilium,  the 
ischium,  and  the  pubis.  In  the  adult  mammal,  these  three  bones  are 
immovably  fused  to  form  a  solid  bony  mass  known  as  the  innominate. 
At  the  anterior  portion,  the  two  parts  fuse  at  the  pubic  symphysis. 

The  three  bones  forming  this  girdle  all  meet  at  a  large  cup-shaped 
depression,  the  acetabulum.  It  is  into  this  depression  that  the  large 
femur  of  the  upper  hindlimb  articulates.  Above  the  acetabulum  is  the 
ilium  which  terminates  dorsally  as  the  large  crest.  This  crest  forms 
a  place  for  the  attachment  of  the  heavy  thigh  muscles.  Posterior  to 
the  acetabulum  is  the  heavy  ischium,  and  anterior  to  the  acetabulum 
is  the  pubis.  Between  these  two  bones  is  the  obturator  foramen  through 
which  the  nerves  and  blood  vessels  of  the  legs  pass.  The  pubis  and 
ischium  fuse  to  form  a  symphysis  below  the  obturator  foramen.  The 
pubic  bones  from  the  two  halves  of  the  girdle  fuse  anteriorly  at  the 
pubic  symphysis. 

In  quadrupeds,  where  the  weight  of  the  body  is  not  borne  by 
the  pelvic  girdle,  the  spread  of  the  various  parts  is  not  very  great. 
In  upright  mammals  such  as  man,  however,  the  curving  nature  of  these 
bones  produces  a  basketlike  arrangement  which  contains  many  of 
the  abdominal  organs.  The  central  opening  of  this  girdle  is  some- 
what larger  in  females  than  in  males.  This  widening  occurs  at  puberty, 
and  is  correlated  with  the  bearing  of  young  by  the  female.  At  the 
time  of  parturition,  the  cartilages  at  the  pubic  symphyses  allow  for  ad- 
ditional spreading  of  the  girdle. 

The  hindlimb  is  composed  of  a  series  of  bones  similar  to  those 
of  the  forelimb.  The  most  proximal  of  these  is  the  femur,  the  head  of 
which  articulates  with  the  acetabulum  of  the  pelvic  girdle.  Near  the 
head  are  the  greater  and  lesser  trochanters  for  muscle  attachment. 
Distally  the  femur  has  condyles  and  epicondyles  similar  to  those  of  the 
humerus.  The  bones  of  the  lower  leg  consist  of  the  large  tibia  and 
the  smaller,  slender  fibula.  These  articulate  distally  with  a  series  of 
small  bones,  the  tarsals.  One  of  these  bones,  the  astragulus,  articu- 
lates with  the  tibia;  another,  the  calcaneum,  has  a  backward  exten- 
sion. These  tarsals  articulate  distally  with  the  long  metatarsals  which 
in  turn  articulate  with  the  phalanges.  In  human  beings,  the  tarsals 
form  the  ankle,  with  the  calcaneum  forming  the  heel,  the  metatarsals 
form  the  foot,  and  the  phalanges  the  toes. 
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MISCELLANEOUS  BONES 

Located  in  various  parts  of  the  body  are  bones  which  are  un- 
related to  the  other  portions  of  the  skeleton.  For  this  reason,  these 
bones  are  simply  grouped  as  "miscellaneous  bones." 

One  of  the  commonest  types  of  bones  of  this  class  are  those 
known  as  the  sesamoid  hones.  These  may  develop  in  any  region  where 
friction  is  excessive,  and  are  most  often  found  in  tendons  and  muscles. 
The  knee  cap  or  patella  is  the  best  known  of  this  type.  Others  are 
normally  present  in  the  palm  side  of  the  hand.  Occasionally  these 
bones  develop  when  certain  muscles  are  overused.  Baseball  pitchers 
at  times  develop  them  in  their  arm  muscles.  In  such  a  case,  these 
bones  must  be  removed  surgically. 

In  the  incompletely  ossified  skull  of  the  infant,  small  islands  of 
bones  develop  in  the  fontanels.  These  are  the  Wormian  hones.  As  os- 
sification proceeds,  these  elements  gradually  coalesce  and  disappear  as 
individual  elements. 

A  few  other  unusual  bones  occur  in  different  vertebrates.  In 
many  mammals  a  strengthening  bone,  the  penis  hone,  is  found  in  the 
penis.  The  cow,  as  well  as  some  other  ruminants,  has  an  irregularly 
shaped  bone  in  the  heart.  Some  lizards  have  special  bones  around 
the  eyes.  A  few  mammals  have  special  bones  in  the  muscles,  and 
the  mole  has  a  sickle-shaped  element  in  the  digging  hand.  The  antlers 
of  the  deer,  and  the  bony  portion  of  the  horns  of  cattle  which  were 
discussed  with  the  integument,  probably  should  also  be  listed  at 
this  point. 

HOMOLOGY 

Within  each  major  animal  group,  a  certain  basic  body  plan  is 
apparent.  This  makes  it  possible  to  study  a  few  representative  mem- 
bers in  order  to  gain  an  understanding  of  the  entire  group.  In  the 
vertebrates  particularly  this  similarity  of  body  plan  is  evident.  Thus 
to  learn  about  man's  structure,  you  may  profitably  dissect  a  cat. 

The  basic  plan  of  portions  of  the  skeleton  may  be  highly  modified 
and  individual  units  may  assume  different  functions.  For  example, 
the  ear  ossicles  of  the  mammal  are  derived  from  the  gill  arches.  The 
basic  bones  are  the  same,  but  the  function  and  location  have  changed 
completely.  Often  the  ancestral  pattern  of  a  structure  can  be  dis- 
covered only  by  a  study  of  the  embryology  of  the  animal. 
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Structures  with  a  similar  origin,  but  often  with  dissimilar  func- 
tions, are  termed  homologous.  This  principle  of  homology  is  one  of 
the  basic  biological  concepts  that  has  enabled  scientists  to  interpret 
many  otherwise  obscure  relationships.  One  of  the  clearest  examples 
of  this  can  be  seen  in  a  study  of  the  forelimbs  of  the  various  verte- 
brates. The  wing  of  the  bird,  the  flipper  of  the  whale,  the  arm  of 
the  human  being,  and  the  digging  hand  of  the  mole  superficially 
appear  quite  different,  but  basically  have  the  same  bones  in  the  same 
relationship  to  one  another. 


Fig.  33. — Diagrams  illustrating  homology  and  analogy.     A,  Arm  of  man  is  ho- 
mologous with  wing  of  bird,  B,  while  B  is  analogous  with  C,  the  wing  of  an  insect. 

By  contrast  there  are  certain  structures  with  quite  dissimilar  origin, 
but  with  similar  functions.  These  are  termed  analogous  structures. 
Some  analogous  structures  are  the  gills  of  the  fish  and  the  lung  of 
the  mammal;  the  wing  of  the  bird  and  that  of  the  insect.  Homology 
applies  to  structure,  and  analogy  applies  to  function.  Care  must  be 
taken  not  to  confuse  these  two  terms. 
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JOINTS 

The  region  at  which  two  bones  meet  is  known  as  a  joint.  There 
are  two  recognizable  groups  of  joints.  The  first  of  these  two  are 
the  synarthroses  in  which  there  is  little  or  no  movement  of  the  adjoin- 
ing bones.  The  union  of  the  bones  of  the  skull  and  those  of  the 
pelvic  girdle  are  examples  of  these.     The  point  of  junction  between 
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the  two  bones  may  be  formed  by  connective  tissue,  thin  sheets  of 
cartilage,  or  direct  bone-to-bone  contact.  Often  the  suture  is  ob- 
literated in  the  adult. 

The  second  type  of  joint,  the  diarthroses  (Fig.  27),  is  that  in  which 
the  adjacent  elements  are  freely  moving.  In  these  the  adjoining  surfaces 
are  usually  protected  by  cartilage.  Between  the  cartilaginous  portion 
is  a  liquid-filled  joint  cavity  or  bursa.  The  liquid  filling  this  sac  is 
the  lubricating  synovial  fluid.  Connecting  the  bones  are  heavy  fibers 
of  connective  tissue,  the  ligaments.  These  form  a  protective  capsule 
around  the  joint. 

Diarthroses  may  be  of  several  dififerent  types.  The  articulation 
of  the  humerus  into  the  glenoid  cavity  is  a  ball  and  socket  joint;  the 
elbow  is  a  hinge  joint.  The  rotation  of  the  head  by  means  of  the  odon- 
toid process  of  the  axis  fitting  into  the  atlas  is  an  example  of  the 
action  of  a  pivot  joint.    The  wrist  is  an  example  of  a  gliding  joint. 


CHAPTER  7 

THE  MUSCULAR  SYSTEM 


One  of  the  intrinsic  properties  of  protoplasm  is  that  of  movement. 
It  is  a  property  that  is  found  in  all  plants  and  animals.  In  some  plants, 
this  movement  can  be  detected  only  as  the  flowing  of  the  cytoplasm 
within  the  cells;  among  animals,  movements  are  much  more  easily 
discerned.  For  an  animal,  the  ability  to  move  from  one  spot  to  an- 
other is  of  great  importance,  chiefly  due  to  the  fact  that  food  must  be 
obtained  and  protective  sites  must  be  discovered.  For  this  reason, 
organs  capable  of  bringing  about  movement  are  often  highly  developed. 

Muscle  tissue  is  simply  groups  of  cells  in  which  the  basic  prop- 
erty of  contractility  to  bring  about  movements  is  highly  developed. 
Muscle  tissue  of  at  least  a  simple  type  is  found  in  nearly  all  phyla  of 
the  metazoans.  Among  the  higher  invertebrates  such  as  the  insects,  the 
muscular  system  is  extremely  well  developed  and  rapid  wing  and  leg 
movements  are  possible.  The  greatest  diversity  of  muscular  develop- 
ment is,  however,  found  among  the  vertebrates. 

To  bring  about  movements,  the  muscles  of  necessity  are  intimately 
associated  with  the  skeletal  system.  Bodily  movements  are  possible 
because  of  the  manner  in  which  these  two  systems  are  functionally 
combined. 

FUNCTIONS  OF  THE  MUSCULAR  SYSTEM 

Fundamentally  the  muscular  system  has  but  one  function,  that  of 
bringing  about  movements.  The  most  conspicuous  movements  are,  of 
course,  those  associated  with  the  skeletal  system.  Movements  such 
as  walking,  lifting,  running,  and  the  handling  of  objects  are  all  examples 
of  these. 

Of  equal  importance  are  the  unconscious  movements  of  the  in- 
ternal organs.  Food  is  moved  down  the  digestive  tract,  the  heart  beats, 
respiration  takes  place,  all  due  to  muscular  activity. 
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TYPES  OF  MUSCULAR  TISSUE 


In  the  adult  skeleton,  the  bone  tissue  is  quite  inflexible.  Muscle 
tissue,  in  contrast,  is  capable  of  contracting  and  can  be  stretched ;  thus 
it  has  the  property  of  extensibility.  After  the  individual  muscle  cell 
has  contracted,  it  can  regain  its  original  form  without  harm  to  the 
cell.  All  cells  illustrate  this  same  property  to  some  extent,  but  never 
to  the  degree  that  is  found  in  muscle  cells.  Thus  elasticity  is  another 
important  property  of  muscle  tissue. 

Histologically  three  distinct  types  of  muscle  tissue  are  recognized : 
smooth  muscle,  skeletal  muscle,  and  cardiac  muscle. 

Smooth  Muscle  (Fig.  34,  B).— The  individual  muscle  fiber  or  cell 
is  a  spindle-shaped,  slender  body  about  0.2  mm.  in  length.  They  vary 
in  size  from  the  extremely  small  fibers  found  in  the  walls  of  blood 
vessels  (0.015  mm.  in  length)  to  those  found  in  the  uterus.  During 
pregnancy,  these  latter  fibers  may  attain  a  length  of  0.5  mm.  The 
cytoplasm  of  these  cells  is  quite  homogeneous  without  the  dark  and 
light  bands  that  are  seen  in  other  types  of  muscle  tissue.  It  is  for  this 
reason  that  this  type  of  muscle  is  known  as  smooth  muscle.  The  some- 
what oval  nucleus  is  located  in  the  central  widest  portion  of  the  cell 
body.  Contractile  threads  or  fibers,  myofibrils,  run  lengthwise  of  the 
cell.    The  cytoplasm  between  the  fibrils  is  termed  sarcoplasm. 


NUCLEUS 


Fig.  34. — Types  of  muscle  tissue.     A,  Cardiac;  B,  smooth;  C,  enlarged 
section  of  skeletal;  D,  skeletal. 

Smooth  muscle  tissue  is  found  in  nearly  all  the  internal  organs. 
The  walls  of  the  intestine  have  layers  composed  entirely  of  this  tissue. 
The  walls  of  the  bladder,  the  uterus,  the  respiratory  system,  and  the 
blood  vessels  all  have  an  abundance  of  smooth  muscle  tissue.  Scattered 
throughout  the  skin  are  many  other  fibers.  The  hairs  can  be  raised 
on  the  skin  by  the  small  cylindrical  bundles  of  smooth  muscle  located 
at  their  bases. 
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Smooth  muscle  cells  are  grouped  in  several  ways,  depending  upon 
their  location  and  function.  Those  located  in  the  walls  of  hollow 
organs  are  arranged  in  layers  or  bundles ;  those  found  in  the  skin  are 
arranged  singly  or  in  small  groups ;  and  those  at  the  bases  of  the  in- 
dividual hairs  are  grouped  as  small  bundles.     (Fig.  21.) 

Smooth  muscles  are  capable  of  prolonged,  rhythmical  contractions. 
The  force  exerted  by  them  is  often  very  great ;  for  example,  during 
parturition,  the  smooth  muscles  of  the  uterus  can  exert  a  force  of  from 
50  to  55  pounds  pressure.  These  fibers  have  greater  powers  of  ex- 
tensibility than  do  those  of  other  muscle  tissues.  The  expansion  of 
the  urinary  bladder  is  made  possible  because  of  this  highly  developed 
property.     Smooth  muscle  is  not  under  voluntary  control. 

Skeletal  Muscle  (Fig.  34,  C  and  D). — The  individual  muscle 
fibers  or  cells  of  skeletal  muscle  are  considerably  larger  than  those  of 
smooth.  They  vary  in  length  from  about  1  mm.  to  several  centimeters. 
In  some  cases,  the  individual  fiber  is  as  long  as  the  entire  muscle. 
In  general,  their  shape  is  cylindrical  with  the  ends  being  tapered  or 
notched.  Scattered  throughout  its  length,  each  cell  contains  numerous 
nuclei  which  in  mammals  lie  near  the  surface.  The  surface  of  each 
fiber  is  covered  by  a  thin  sheath,  the  sarcolemma.  Contractile  threads, 
the  myofibrils,  like  those  found  in  the  smooth  muscle,  run  the  length 
of  the  individual  fiber.  Each  myofibril  consists  of  alternating  light 
and  dark  portions.  All  the  fibrils  within  a  single  cell  have  these  alter- 
nating portions  in  the  same  position,  giving  the  fiber  a  striated  appear- 
ance.    For  this  reason,  skeletal  muscle  is  also  called  striated  muscle. 

The  striated  muscles  form  the  "flesh"  of  the  body.  They  are  at- 
tached to  the  bones,  and  by  their  contractions,  bring  about  movements 
of  the  skeletal  system.  These  muscles  also  compose  the  diaphragm, 
portions  of  the  tongue,  and  the  muscles  of  the  eyeball  and  pharynx. 

Each  muscle  fiber  is  surrounded  by  the  sarcolemma.  Many  muscle 
fibers  are  arranged  parallel  to  one  another  and  are  grouped  together 
into  small  bundles  known  as  fascicles.  These  fascicles  are  held  together 
by  sheaths  of  connective  tissue  fibers.  Numerous  fascicles  are  further 
grouped  together  to  form  the  large  muscles,  which  likewise  are  covered 
and  held  together  by  an  external  sheath  of  connective  tissue,  the  fascia. 

The  movement  of  skeletal  muscle,  in  contrast  to  those  of  smooth 
muscle,  are  rapid.  Also  the  individual  fibers  are  not  nearly  so  extensi- 
ble as  are  those  of  smooth  muscles  and  they  fatigue  more  easily. 
Finally  these  muscles  are  under  voluntary  control. 
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Cardiac  Muscle  (Fig.  34,  A). — In  many  respects,  cardiac  muscle 
resembles  skeletal  muscle :  the  individual  fibers  have  cross  striations 
and  are  multinucleate.  In  other  respects,  however,  they  are  quite 
different.  The  individual  fibers  are  branched  and  the  whole  heart 
musculature  is  composed  of  a  network  of  these  branched  and  anastomos- 
ing (connecting)  strands  with  nuclei  scattered  at  intervals.  These 
nuclei  are  located  within  the  strands,  not  at  the  surface.  This  complex 
network  is  separated  into  smaller  units  by  conspicuous  cross  bands 
known  as  intercalated  discs. 

Cardiac  muscle  is  found  only  in  the  heart  and  at  the  bases  of  the 
large  arteries  that  arise  from  it.  This  type  of  muscle  has  one  unique 
characteristic :  even  isolated  bits  will  contract  rhythmically.  This 
rhythmic  contractibility  thus  appears  to  be  an  inherent  property  of 
cardiac  musculature.  This  tissue,  like  smooth  muscle,  is  not  under 
voluntary  control. 

THE  MUSCLES 

A  large  muscle  such  as  the  one  found  in  the  calf  of  the  leg  has 
three  main  parts :  the  main  mass  is  the  belly;  the  two  points  of  at- 
tachment are  the  origin  and  the  insertion  (Fig.  35).  The  origin  is  al- 
ways on  some  point  that  does  not  move  during  the  contraction  of  the 
muscle;  the  insertion  is  on  the  part  that  is  moved  during  contraction. 
Most  skeletal  muscles  have  their  origins  and  insertions  on  bones ;  but  oc- 
casionally certain  muscles  are  attached  to  the  skin,  connective  tissues, 
or  even  to  other  muscles. 

Most  muscles  that  have  their  origin  or  insertion  on  bones  are 
fastened  to  the  bones  by  means  of  tendons.  These  tendons  are  heavy 
bands  of  fibrous  connective  tissue  which  are  continuous  with  the  pro- 
tective fascia  of  the  muscle.  At  their  junction  with  the  bones,  the 
tendons  merge  with  the  periosteum  to  form  a  very  strong  attachment. 
In  some  instances,  the  fascia  does  not  form  tendons,  but  continues  as 
a  broad  sheet  to  the  point  of  attachment. 

Levers.— Movements  brought  about  by  the  muscles  depend  upon 
their  attachments  and  the  nature  of  the  skeletal  joint  involved.  In 
many  of  these  movements,  the  physical  advantages  of  various  types  of 
levers  are  used. 

There  are  three  principal  classes  of  levers.  Those  of  the  first 
class  have  the  fulcrum  in  the  center  with  the  weight  to  be  moved  at  one 
end  and  the  power  at  the  other.     A  seesaw  is  a  good  example  of  this 
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type  of  lever.  In  man,  the  up  and  down  movement  of  the  head  on  the 
vertebral  column  exemplifies  this.  In  the  levers  of  the  second  class, 
the  weight  is  in  the  center,  with  the  fulcrum  at  one  end  and  the  power 
at  the  other.  A  wheelbarrow  illustrates  this ;  but  this  type  of  leverage 
is  not  found  in  animals.  The  commonest  type  of  leverage  found  in 
animals  is  that  illustrated  by  the  levers  of  the  third  class.  In  this 
type,  the  power  is  in  the  center,  with  the  weight  at  one  end  and  the 
fulcrum  at  the  other.  Nearly  all  arm  and  leg  movements  utilize  this 
type  of  leverage.  This  allows  a  very  small  contraction  at  one  end  of 
a  muscle  to  bring  about  relatively  large  movements  at  the  other  end. 
Other  types  of  movements  not  involving  leverage  are  also  found  in 
animals.     In  some  of  these,  direct  force  is  applied. 

Inasmuch  as  a  muscle  can  bring  about  movements  only  by  contract- 
ing and  pulling,  any  movement  involves  a  minimum  of  two  muscles 
which  thus  act  as  an  antagonistic  pair.  When  the  forearm  is  drawn  up- 
ward, the  muscle  on  the  medial  surface  of  the  upper  arm  contracts 
while  that  on  the  lateral  surface  relaxes.  To  lower  the  forearm,  the 
opposite  action  must  take  place.  Actually  most  actions  involve  groups 
of  antagonistic  pairs  rather  than  single  muscles.  Those  groups  of 
muscles  which  work  together  to  bring  about  a  single  movement  are 
known  as  synergists. 

Types  of  Movements. — As  muscles  do  work  in  antagonistic  pairs, 
each  individual  muscle  or  synergistic  group  can  perform  but  a  single 
movement.  These  movements  which  are  dependent  upon  the  type  of 
joint  involved  have  been  classified  in  the  following  manner :  | 

Flexion:  A  movement  in  which  the  angle  between  two  adjacent  parts 

is  decreased. 
Extension :  A  movement  in  which  the  angle  between  two  adjacent  parts 

is  increased. 
Depression :         A.  movement  in  which  a  part  is  drawn  downward. 
Elevation :  A  movement  in  which  a  part  is  drawn  upward. 

Adduction:  Movement  toward  the  median  line  of  the  body. 

Abduction :  Movement  away  from  the  median  line  of  the  body. 

Rotation:  Movement  of  an   appendage   or  a  part   upon   its   long  axis. 

This   may  be  medial  or   lateral. 
Circumduction:  Movement  on  a  pivot  in  which  a  circle  is  described.  M 

Pronation:  The  movement  by  which  the  palm  of  the  hand  faces  down-" 

ward. 
Supination :         The  movement  by  which  the  palm  is  turned  upward. 
Constriction :       A  movement  which  reduces  the  size  of  an  opening. 
Dilation:  A  movement  which  increases  the  size  of  an  opening. 
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Muscles  which  bring  about  these  types  of  movements  derive  their 
names  from  the  movements.  Thus  a  muscle  which  produces  flexion 
is  known  as  a  flexor;  one  which  produces  extension,  is  an  extensor; 
etc.  One  exception  to  this  general  practice  is  the  frequent  use  of  the 
term  sphincter  for  a  constrictor. 


Fig.  35. — Diagrams  of  parts  of  muscles  and  opposing  actions.     A,  Extension 
of  the  forearm;  B,  flexion  of  tlie  forearm. 


Muscle  Arrangement. — The  evolutionary  origins  of  the  various 
muscles  of  the  mammalian  body  are  very  difficult  to  trace.  This  is 
in  part  due  to  the  apparent  ease  with  which  muscles  can  alter  their 
functions  and  general  appearance.  Homologies  such  as  were  seen 
clearly  in  the  skeleton  are  thus  difficult  to  find  among  the  muscles.  In 
general,  however,  the  muscles  of  the  vertebrates  are  fundamentally 
segmental  in  their  arrangement. 

This  segmental  arrangement  is  best  seen  in  fish  where  the  trunk 
muscles  are  in  groups  known  as  myotomes  (Fig.  196).  These  myotomes 
are  clearly  visible  in  the  embryos  of  mammals,  but  in  the  adult,  most  of 
them  are  highly  modified.  Only  among  certain  back  and  rib  muscles 
is  this  original  segmentation  still  visible  in  the  adult.  The  most  highly 
modified  muscles  of  these  original  myotomes  are  those  of  the  appendages. 

The  muscles  of  the  body  never  cross  either  the  ventral  or  dorsal 
midline.  Ventrally  the  muscles  meet  at  a  line  of  fascia  known  as  the 
linea  alba. 

The  Naming  of  Muscles. — There  are  no  general  rules  for  naming 
individual  muscles.  The  names  used  are  derived  from  numerous  sources. 
Sorhe  muscles,  for  example,  are  named  according  to  their  origins  and 
insertions :  the  sternomastoid  and  the  sternohyoid.  At  times  the  name 
is  derived  from  the  shape :  the  deltoid  of  the  shoulder  region.  Other 
times,  the  direction  of  the  fibers  may  be  the  source  of  the  name :  the 
external  and  internal  obliques  of  the  abdominal  wall.  The  action  per- 
formed may  be  the  source  of  the  name:     the  levator  labii  raises  the 
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lips,  the  dilator  naris  dilates  the  nostrils,  and  the  levator  scapulae  raises 
the  scapula.  A  region  in  which  a  muscle  is  found  also  may  be  the 
source  of  the  name :     the  temporalis  is  found  in  the  region  of  the  temple. 

THE  PHYSIOLOGY  OF  MUSCLE  ACTIVITY 

When  a  movement  is  brought  about  by  the  contraction  of  a  muscle, 
the  most  obvious  change  occurring  is  a  physical  change  in  the  position 
of  the  part  involved.  To  bring  about  this  physical  change  in  position 
of  a  part  or  structure,  certain  changes  of  a  chemical,  thermal,  physical, 
and  electrical  nature  occur  in  the  muscle  itself. 

Chemical  Changes. — The  transfer  of  chemical  energy  into  me- 
chanical energy  is  an  extremely  complicated  process  involving  a  large 
number  of  dififerent  chemical  reactions.  The  energy  which  initiates 
this  series  of  reactions  in  muscle  tissue  is  apparently  derived  from  the 
breaking  up  of  organic  phosphates.  The  most  important  of  these  ap- 
pears to  be  the  compound  known  as  ATP,  adenosine  triphosphate.  The 
energy  of  this  compound  is  apparently  used  directly  for  the  muscular 
contraction. 

The  initial  release  of  the  energy  of  the  organic  phosphates  is  pre- 
sumably due  to  the  presence  of  calcium  ions  in  the  immediate  neighbor- 
hood of  ATP.  Another  compound,  creatine,  is  also  found  in  verte- 
brate muscle.  This  material  when  combined  with  organic  phosphate 
becomes  phosphocreatine.  This  compound  also  is  rich  in  easily  avail- 
able energy.  Following  the  ATP  breakdown  to  ADP,  adenosine  diphos- 
phate, phosphocreatine  breaks  down  to  produce  creatine  and  phosphoric 
acid.  This  latter  reaction  releases  even  more  energy  than  did  the  first. 
These  two  reactions  can  be  summarized  as  follows : 

Creatine  +  Adenosine  triphosphate  (ATP)  >  Adenosine  di- 
phosphate  (ADP)   -|-  phosphocreatine  -f-  energy 
Phosphocreatine ^  Phosphoric  acid  -\-  creatine  -f  energy 

As  can  be  seen,  the  energy  used  for  muscle  contraction  is  released 
without  any  need  for  the  presence  of  oxygen.  The  energy  is  available 
from  the  organic  phosphate.  This  condition  contrasts  with  the  more 
familiar  reactions  in  which  energy  is  released  through  the  oxidation 
of  various  compounds  such  as  the  simple  sugars. 

Ultimately,  however,  the  energy  for  muscular  contraction  is  from 
a  reaction   similar  to   that   of  the   oxidation   of   sugars.      This   occurs 
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through  another  series  of  compounds  which  are  present  in  muscle 
tissues.  Chief  of  these  is  glycogen.  Glycogen  passes  through  a  series 
of  intermediate  stages  to  break  down  to  lactic  acid  along  with  a  release 
of  energy.  This  energy  is  then  made  available  for  the  resynthesis  of 
the  organic  phosphates  such  as  the  phosphocreatine  and  ATP.  This 
reaction  still  is  an  anaerobic  one,  that  is,  oxygen  is  not  used.  It  is  in 
the  synthesis  of  glycogen  from  lactic  acid  that  oxygen  is  used ;  thus  this 
latter  is  an  aerobic  reaction.  Four-fifths  of  the  lactic  acid  produced  is 
reconverted  to  glycogen  by  the  energy  released  from  the  oxidation 
of  the  remaining  one-fifth.  Again  this  is  best  illustrated  by  a  series 
of  abbreviated  equations. 

Glycogen   ^   intermediate    stages   ^   lactic   acid    +    energy    (an 

anaerobic  reaction). 

1/5  of  lactic  acid  +  0. >  CO.  +  H.O  +  Energy 

This  complex  series  of  reactions  is  actually  made  possible  through 
an  equally  complex  series  of  enzymes.  For  our  present  discussion,  how- 
ever, these  abbreviated  summaries  sufifice. 

As  the  glycogen  is  gradually  used  up  through  the  oxidation  of  the 
lactic  acid,  it  is  renewed  from  the  sugars  brought  in  by  the  circulatory 
system. 

The  actual  contraction  of  the  muscle  cells  seems  to  be  brought 
about  by  the  unusual  properties  of  the  material  known  as  actomyosin. 
Actomyosin  is  a  complex  formed  of  two  colloidal  materials,  actin  and 
myosin.  Myosin  is  a  protein  composed  of  rods,  while  actin,  also  a  pro- 
tein, forms  long  continuous  threads.  The  union  of  these  two  proteins 
results  in  the  actin  thread  having  rodlets  of  myosin  attached  to  it. 
Each  protein  when  alone  shows  no  ability  to  contract,  but  together, 
they  are  able  to  utilize  the  energy  available  in  the  organic  phosphates, 
and  thus  contract. 

During  strenuous  muscular  activity,  it  is  impossible  for  the  cir- 
culator}'  system  to  supply  enough  oxygen  to  the  muscles  to  allow  for 
the  resynthesis  of  the  various  compounds.  It  is  possible,  however,  for 
these  reactions  to  continue  for  some  time  without  the  resynthesis.  In 
this  manner,  an  oxygen  debt,  is  acquired  by  the  muscle.  This  is  evi- 
denced by  the  accumulation  of  lactic  acid  in  the  muscle  tissues.  Once 
exercise  is  stopped,  the  rapid  respirations  continue  for  some  time  until 
this  debt  is  repaid.  An  oxygen  debt  is  accumulated  more  rapidly  at 
the  beginning  of  exercise  than  later.  This  is  due  to  the  fact  that  the 
circulatory  and  respiratory  systems  have  not  immediately  adjusted  to 
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the  increased  demands  of  the  active  muscles.  As  exercise  continues, 
the  adjustment  occurs.  Such  an  adjustment  results  in  the  so-called 
"second  wind." 

Thermal  Changes. — Xot  all  the  energy  released  during  the  series 
of  chemical  reactions  just  described  goes  into  work;  a  greater  part 
of  it  actually  is  lost  as  heat.  Both  the  anaerobic  and  aerobic  phases  of 
muscle  activity  produce  heat.  The  first  or  initial  heat  occurs  imme- 
diately upon  contraction,  while  the  aerobic  phase  or  delayed  heat  occurs 
during  muscle  recovery. 

All  the  heat  produced  by  muscle  activity  is  not  wasted;  much  of 
it  is  important  for  the  maintenance  of  the  constant  body  temperature. 
Shivering  is  a  muscular  response  to  lowered  body  surface  temperature. 

Muscles  are  comparatively  efficient  in  the  work  produced  from  the 
amount  of  energy  expended.  It  has  been  estimated  that  the  efficiency 
is  from  18  to  21  per  cent.  As  contrast,  a  steam  engine  is  considered 
to  be  from  9  to  19  per  cent  efficient. 

Physical  Changes. — During  contraction,  the  individual  muscle 
shortens.  While  the  volume  of  the  muscle  remains  constant,  the  shape 
is  considerably  altered.  This  shortening  of  the  entire  muscle  is,  of 
course,  due  to  the  shortening  of  the  many  fibers  composing  it. 

Electrical  Changes. — During  the  muscle  contraction,  certain  elec- 
trical changes  occur.  Each  contraction  results  in  a  change  in  the  electric 
potential  which  produces  a  measurable  flow  of  electrical  current. 

The  Simple  Muscle  Twitch. — The  study  of  the  mechanical  changes 
which  occur  during  muscular  contraction  has  been  facilitated  by  the 
fact  that  single  muscles  may  be  removed  intact  and  observed.  A  muscle 
commonly  used  for  this  is  the  gastrocnemius  muscle  of  the  hind  leg  of 
the  frog.     This  is  easily  removed  with  its  attached  sciatic  nerve. 

For  these  observations,  a  special  instrument,  the  kymograph  (Fig. 
36),  is  utilized.  This  is  a  rotating  drum  which  moves  at  a  constant 
speed  that  can  be  regulated.  The  muscle  is  mounted  with  a  portion 
of  the  femur  in  a  special  clamp,  and  the  lower  portion  is  attached  under 
some  tension  to  a  stylus.  This  stylus  records  the  muscular  contractions 
on  a  smoked  paper  placed  on  the  drum  of  the  kymograph.  As  the 
drum  revolves,  the  movements  are  traced.  The  time  relationships  can 
be  noted  because  the  drum  is  rotating  at  a  known  speed. 

Once  this  setup  is  completed,  the  single  muscular  contraction  or 
"twitch"  can  be  studied.     A  single  electrical  shock  is  applied  to  the 
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muscle  to  bring  about  the  contraction.  Although  this  type  of  contrac- 
tion never  occurs  in  the  living  animal,  it  is  important  experimentally  for 
learning  the  details  of  muscular  mechanics.  The  single  muscle  twitch 
(Fig.  37)  can  be  seen  to  consist  of  several  different  parts. 
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Fig.  36. — Diagram  showing  the  setup  for  recording  a  simple  muscle  twitch.     (From 
Zoethout  and  Tuttle:  Textbook  of  Physiology,  The  C.  V.  Mosby  Company.) 


Fig.  37. — The  cur\e  of  a  single  muscle  twitch  recorded  by  a  kymograph.  A, 
Stimulus  applied;  B,  beginning  of  contraction,  C  to  D,  relaxation;  time  in  1/100 
second.     (From  Zoethout  and  Tuttle:     Textbook  of  Physiology.) 
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First  it  can  be  noted  that  there  is  a  slight  pause  between  the  applica- 
tion of  the  stimulus  and  the  beginning  of  the  contracting  phase.  This 
is  the  latent  period  which  lasts  about  0.01  second  in  the  isolated  frog 
muscle.  The  period  of  contraction  lasts  but  0.04  second,  while  the 
relaxation  period  takes  0.05  second.  During  this  latter  stage,  the 
muscle  returns  to  its  former  condition.  Following  this  contraction,  the 
muscle  cannot  respond  immediately  to  a  new  stimulus.  This  short 
period  which  lasts  about  0.005  second  in  the  frog  is  known  as  the 
refractory  period. 

Smooth  muscle  does  not  show  this  same  type  of  simple  muscle 
twitch.  A  contraction  of  smooth  muscle  which  may  be  brought  about 
by  a  single  stimulus  can  last  as  long  as  20  seconds  and  have  a  latent 
period  of  some  3  seconds. 

Cardiac  muscle  differs  in  its  action  from  both  smooth  and  skeletal 
muscle.  It  has  a  refractory  period  of  from  0.1  to  0.2  second,  thus 
cannot  be  maintained  in  a  contracted  state  by  rapid  stimulation. 

Effect  of  Weight  on  the  Muscle  Twitch. — If  the  isolated  muscle 
has  a  weight  placed  on  it  in  such  a  manner  that  the  muscle  is  somewhat 
stretched,  the  effect  of  this  on  the  muscle  contraction  can  be  studied. 
Immediately  it  is  apparent  that  the  muscle  does  more  "work"  when 
loaded  than  when  it  is  not.  The  amount  of  work  done  will  increase 
with  increasing  loads  until  the  weight  is  too  heavy.  Then  the  muscle 
will  be  unable  to  contract  at  all. 

Tetanus. — The  muscle  twitch  as  just  described  seldom  if  ever 
occurs  in  the  living  organism.  Instead,  the  normal  skeletal  muscle 
action  is  one  of  sustained  contraction  brought  about  by  a  rapid  series 
of  stimuli  from  the  central  nervous  system.  Experimentally  this  can 
be  demonstrated  by  applying  a  series  of  electrical  stimuli  to  the  isolated 
muscle.  By  tracing  this  reaction  on  the  kymograph  drum,  it  will  be 
seen  that  a  single  prolonged  contraction  results.  The  height  of  this 
contraction  is  greater  than  that  of  the  individual  twitch.  This  is  referred 
to  as  summation  of  response  and  the  sustained  contraction  is  known 
as  tetanus  (Fig.  38). 

Tetanus  is  thought  to  be  due  not  to  the  contraction  of  all  the 
muscle  fibers  at  any  one  time,  but  rather  to  the  asynchronous  con- 
traction of  various  fibers,  that  is  only  5  to  50  per  cent  of  the  fibers  are 
contracting  at  any  one  time. 
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Fig.  38. — Muscle  curves  showing  tetanus.     A,B,C,D,  Incomplete;  E,  complete. 
(From  Zoethout  and  Tuttle:     Textbook  of  Physiology.) 

Tonus. — At  all  times,  the  individual  muscle  is  in  a  state  of  partial 
contraction  known  as  tonus  or  tone.  This  is  brought  about  by  the  con- 
tinuous emission  of  impulses  by  the  central  nervous  system  which  causes 
a  small  number  of  the  fibers  to  contract.  This  contraction  is  actually 
a  form  of  tetanus  and  keeps  the  resting  muscle  in  a  state  of  resilience.  If 
the  nerve  supplying  the  muscle  is  injured  in  some  manner  and  the  muscle 
is  not  kept  in  a  state  of  tonus,  the  muscle  fibers  become  flaccid  and  de- 
generate. 

The  AIl-or-None  Law. — Depending  upon  the  strength  of  the  stimu- 
lus, a  single  muscle  fiber  either  does  or  does  not  contract.  If  it  does 
contract,  it  does  so  to  its  full  ability.  This  is  a  demonstration  of  the 
all-or-none  law.  There  is  no  gradation  in  the  amount  of  contraction 
dependent  upon  the  degree  of  stimulation.  At  first,  this  observation  may 
appear  to  be  at  variance  with  observed  facts.  It  is  well  known  that 
skeletal  muscle  varies  in  the  strength  of  its  contraction.  Actually,  how- 
ever, this  variation  is  due  to  the  fact  that  varying  numbers  of  muscle 
fibers  are  brought  into  play  as  the  strength  of  the  stimulus  is  increased. 
Clearly  this  law  applies  only  to  the  individual  muscle  fibers  or  cells. 

Fatigue. — If  an  isolated  muscle  is  continuously  stimulated  through 
its  attached  nerve,  the  response  will  at  first  gradually  increase  to  a 
maximum  and  then  drop.  Finally  no  response  will  be  elicited  no  matter 
how  strong  the  stimulus.  If  now,  the  stimulus  instead  of  being  applied 
to  the  nerve  is  applied  directly  to  the  muscle,  the  contractions  will 
resume.     Obviously  the  muscle  is  not  fatigued.     From  other  experi- 
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ments,  it  can  be  shown  that  the  nerve  also  is  not  fatigued ;  thus  fatigue 
must  occur  at  some  other  site.  The  point  at  which  it  occurs  has  been 
shown  to  be  the  junction  between  the  nerve  and  muscle  fibers;  that  is 
the  point  where  the  muscle  fibers  are  activated  by  the  nerve.  Prolonged 
stimulation  of  the  muscle  itself  will,  naturally,  eventually  result  in  fatigue. 
This  appears  to  be  due  to  the  accumulation  of  lactic  acid. 

The  Effect  of  Training. — It  is  well  known  that  exercise  increases 
the  size  of  the  muscles  involved.  This  is  due  not  to  any  increase  in  the 
number  of  fibers,  but  to  an  increase  in  the  size  of  the  individual  fibers. 
This  additional  size  is  apparently  due  to  a  larger  amount  of  sarcoplasm 
between  the  myofibrils. 

In  the  trained  individual,  muscular  efficiency  is  greater  due  in  part, 
at  least,  to  the  increased  efficiency  of  the  circulatory  and  respiratory 
adjustments.  The  trained  individual  also  tends  to  have  fewer  wasted 
motions  and  better  muscular  coordination. 

ELECTRIC  ORGANS 

It  has  been  pointed  out  that  muscles  produce  measurable  amounts 
of  electrical  current  during  their  normal  contractions.  This  particular 
property  has  been  capitalized  upon  by  a  few  rather  unique  fish :  the 
electric  eel  of  northern  South  America,  the  electric  catfish  of  the  Nile, 
some  rays,  and  a  few  other  small  forms. 

The  electric  eel  is  a  large  sluggish  fish,  which  may  attain  8  feet  in 
length  and  weigh  nearly  40  or  50  pounds.  It  lives  in  fresh-water  streams, 
and  utilizes  these  electric  shocks  for  stunning  or  killing  its  prey.  Up 
to  500  volts  have  been  recorded  from  this  animal,  and  it  is  said  that 
horses  have  been  killed  when  crossing  streams  where  they  live.  The 
electric  organ  of  this  eel  occupies  about  four-fifths  of  the  body.  It  is  a 
series  of  modified  muscles  arranged  in  layers  in  a  manner  more  or  less 
resembling  the  alternating  plates  in  a  storage  battery. 


CHAPTER  8 

THE  DIGESTIVE  SYSTEM 


The  complex  coordination  of  activity  of  the  skeletal  and  muscular 
systems  is  to  a  great  extent  responsible  for  the  ability  of  the  animal 
to  move  about  in  its  environment  in  search  of  food,  shelter,  to  escape 
from  its  enemies,  and  to  search  for  mates.  Of  these  activities,  the 
search  for  food  takes  the  greater  share  of  the  time  and  energy  of  the 
animal.  Inasmuch  as  the  food  is  constantly  being  used  for  the  pro- 
duction of  energy  and  for  repair,  the  search  is  continuous. 

Food  when  first  obtained  is  not  suitable  for  use  by  the  cells  of 
the  body.  It  must  undergo  a  series  of  changes  by  which  it  is  trans- 
formed from  complex  to  simple  compounds  which  can  then  be  as- 
similated. 

Once  the  food  is  changed  to  simpler  compounds,  it  then  can  be 
incorporated  into  the  cells  themselves.  This  building-up  process  is 
known  as  anabolisin;  while  the  utilization  of  the  assimilated  foods  to 
produce  heat  or  energy  is  catabolism.  The  sum  total  of  these  two 
processes  is  metabolism.  Thus  the  cells  of  the  body  are  in  a  constant 
dynamic  state  of  activity. 

Those  animals  of  less  complex  construction  often  do  not  possess 
special  structures  for  the  intake,  preparation,  and  transportation  of 
their  food.  With  increasing  size  and  complexity,  specialized  digestive 
organs  become  imperative.  At  first  this  may  consist  of  simply  a  cavity 
in  which  both  digestion  and  distribution  take  place.  Further  compli- 
cations of  food  getting  and  utilization  of  solid  matter  require  elaborate 
accessory  mechanisms  for  handling,  mastication,  and  distribution.  These 
mechanisms  are  variously  developed  among  the  members  of  the  dif- 
ferent phyla;  perhaps  the  most  complex  are  those  found  among  the 
vertebrates  and  arthropods. 
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THE  FUNCTION  OF  THE  DIGESTIVE  SYSTEM 

The  function  of  the  digestive  system  is  to  prepare  food  for  absorp- 
tion and  use  by  the  cells  of  the  body.  Digestion  is  defined  as  the  proc- 
ess by  which  foods  are  changed  from  the  complex  to  the  simple 
through  the  action  of  secretions  containing  enzymes. 

Any  material  which  contributes  to  the  growth,  energy,  repair  of 
tissue,  or  maintenance  of  vital  processes  may  be  considered  a  food. 
This  includes  a  variety  of  materials :  carbohydrates,  proteins,  fats, 
vitamins,  inorganic  salts,  and  water. 


PARIETAL 
PERITONEUM 


Fig.  39. — Diagram  of  cross  section  of  the  body  of  a  vertebrate  to  show  the  relation- 
ships of  the  intestine,  coelom,  peritoneum,  and  mesentery. 


THE  DIGESTIVE  TRACT 

Essentially  the  vertebrate  digestive  tract  is  a  tube  modified  in 
different  portions  to  perform  particular  functions.  It  has  two  open- 
ings :  the  anterior  one  is  the  mouth,  the  posterior,  the  amis.  In 
close  association  with  the  tract  are  special  glands  which  secrete  enzymes 
for  the  digestion  of  the  food. 

The  greater  part  of  the  digestive  tract  is  located  in  the  body  cavity, 
the  coelom.  This  cavity  is  lined  with  a  thin  membranous  tissue,  the 
parietal  peritoneum,  which  extends  from  the  body  wall  as  sheets  known 
as  mesenteries.  These  membranous  sheets  support  the  digestive  tract 
and  continue  as  the  visceral  peritoneum  which  closely  surrounds  the 
internal  organs.  Many  other  essential  organs  of  the  body  are  lo- 
cated in  the  coelom,  and  are  collectively  called  the  viscera.  In  mam- 
mals, the  coelom  is  divided  into  two  regions  by  the  muscular  diaphragm 
which  is  located  just  below  the  ribs.     Anterior  to  the  diaphragm,  the 
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coelom  is  known  as  the  thoracic  cavity  and  posteriorly  as  the  abdom- 
inal cavity. 

Although  the  digestive  tract  (Fig.  40)  is  essentially  a  tube,  its 
various  parts  are  highly  modified  into  separate  organs.  The  most 
anterior  portion  of  the  tract  is  the  mouth.  At  the  back  of  the  mouth 
is  the  pharynx  which  is  a  common  passageway  for  both  air  and  food. 
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Fig.  40. — Th/e  digestive  tract  of  man.     (From  Zoethout  and 
Tuttle:      Textbook  of  Physiology.) 


The  pharynx  leads  directly  into  the  esophagus,  the  only  portion  of 
the  tract  in  the  thoracic  cavity.  The  esophagus  penetrates  the  dia- 
phragm to  join  the  stomach,  a  saclike  organ  separated  from  the  small 
intestine  by  a  sphincter  muscle.  The  much  coiled  small  intestine  is 
the  longest  portion  of  the  tract,  and  its  coils  occupy  the  greater  part 
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of  the  abdominal  cavity.  At  the  point  where  it  joins  the  large  in- 
testine is  another  valve.  The  lowest  portion  of  the  large  intestine  acts 
as  a  temporary  storage  region  for  the  undigested  remains  of  food. 
These  remains,  known  as  feces,  are  expelled  through  the  anus. 

The  Mouth. — Among  the  vertebrates,  the  mouth  is  a  highly  de- 
veloped structure  with  many  specialized  organs  within  it.  The  an- 
terior boundary  of  the  mouth  is  marked  in  most  vertebrates  by  the 
lips,  which  are  formed  of  soft  connective  tissue  and  epidermis.  They 
are  well  supplied  with  touch  organs,  and  the  lower  one  is  more  mobile 
than  is  the  upper.  Lips  are  not  present  in  all  vertebrates,  for  in  some, 
such  as  the  birds,  reptiles,  and  some  mammals,  horny  beaks  have 
developed. 

As  the  lips  terminate  at  about  the  region  of  the  premolars  in  man, 
a  cheek  region  is  formed.  Among  rodents  and  some  monkeys  these 
cheeks  are  utilized  for  temporary  storage  as  the  expanded  cheek  pouches. 

Within  the  mouth,  the  chief  organs  are  the  teeth  and  tongue. 
The  teeth  are  variously  developed  in  the  different  groups  of  vertebrates. 
Among  most  of  them,  the  teeth  are  of  the  homodont  type,  that  is,  they 
are  all  alike.  It  is  only  among  the  mammals  that  the  hetcrodont  con- 
dition is  found.  Here  there  are  four  types  of  teeth :  the  incisors,  ca- 
nines, premolars,  and  molars.  They  are  variously  developed  among 
the  members  of  the  different  orders  of  mammals,  correlated  with  the 
food  habits  of  the  group. 

The  tongue,  also,  is  variously  developed  in  different  vertebrate 
groups.  Essentially  its  use  is  to  handle  the  food  within  the  mouth ; 
however,  it  may  serve  many  other  purposes.  In  man,  for  instance,  it 
is  important  in  speech.  Among  the  lizards,  frogs,  and  toads,  it 
is  adapted  for  capturing  prey.  The  woodpecker  has  an  enormously 
elongate  tongue  for  probing  into  holes.  The  sticky  long  tongue  of 
the  anteater  is  useful  for  collecting  its  favorite  item  of  diet. 

In  man,  the  tongue  is  supported  at  the  rear  by  the  hyoid  apparatus 
of  the  visceral  skeleton;  at  the  front,  it  is  attached  to  the  floor  of 
the  mouth  by  the  frenulum.  The  fleshy  tongue  is  composed  of  epi- 
thelial, muscular,  and  connective  tissues.  Over  the  surface  are  scattered 
sensory  endings  known  as  taste  buds. 

Dorsally  the  mouth  is  limited  by  the  bony  hard  palate,  the  sur- 
face of  which  is  covered  with  transverse  ridges  of  cornified  epithelium 
which  aid  in  manipulating  and  holding  the  food.  These  ridges  are 
best  developed  among  the   carnivores   and   hoofed   mammals.      Poste- 
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riorly  the  hard  palate  terminates  in  the  fleshy  sojt  palate  with  its 
projecting  uvula,  a  soft  dangling  flap.     (Fig.  44.) 

Opening  into  the  mouth  cavity  are  the  ducts  of  three  pairs  of 
salivary  glands.  The  parotid  gland,  located  at  the  base  of  the  ear, 
has  its  duct  entering  near  the  upper  molar  tooth  on  each  side.  The 
ducts  of  the  sublingual  and  submaxillary  glands  enter  along  the  lower 
jaw.  In  most  mammals,  the  saliva  secreted  by  these  glands  contains 
an  enzyme,  ptyalin,  which  is  the  first  enzyme  the  food  encounters  dur- 
ing the  digestive  process.  In  some  vertebrates,  the  salivary  glands 
are  highly  modified.  The  poison  glands  of  some  snakes,  for  example, 
are  simply  modified  salivary  glands  which  pour  their  poisonous  se- 
cretions through  a  hollow  tooth  or  fang. 

Posteriorly  the  mouth  cavity  merges  into  the  pharynx. 

The  Pharynx. — The  pharynx  or  throat  is  a  funnel-shaped  passage- 
way which  has  several  openings  into  it.  The  soft  palate  divides  the 
anterior  portion  into  two  regions :  the  upper  naso-pharynx  and  the 
lower  oral  pharynx.  The  pharynx  is  used  jointly  by  the  respiratory 
and  digestive  systems  with  the  air  entering  dorsally  to  the  food.  The 
air  entering  the  nose  passes  through  the  nasopharynx  into  the  pharynx 
where  it  must  cross  the  route  of  the  food  and  enter  the  ventrally 
placed  glottis  leading  to  the  trachea  or  windpipe.  The  food,  entering 
the  pharynx  through  the  oral  pharynx,  passes  dorsally  to  enter  the 
esophagus.  This  pharyngeal  crossover  or  chiasma  of  the  routes  of 
air  and  food  necessitates  certain  accessory  structures  to  prevent  these 
materials  from  entering  the  wrong  passageways.  When  swallowing 
occurs,  a  flap  of  tissue,  the  epiglottis,  closes  off  the  glottis  momen- 
tarily. The  food  then  passes  through  the  pharynx  very  rapidly  before 
entering  the  esophagus,  and  there  is  little  or  no  danger  of  its  enter- 
ing the  trachea.     (Fig.  44.) 

The  Esophagus. — The  esophagus  in  man  is  about  fifteen  inches 
long  and  extends  from  the  pharynx  to  the  stomach.  It  is  essentially  a 
straight  unmodified  tube.  The  only  glands  lining  it  are  mucus-secreting 
ones  which  aid  the  passage  of  the  food.  While  the  muscles  of  the 
pharynx  used  for  swallowing  are  voluntary,  those  of  the  esophagus 
are  involuntary.  This  is  generally  true  in  mammals  except  for  those 
ruminants  such  as  the  cow  that  are  able  to  regurgitate  their  food. 

In  birds  there  is  a  special  lateral  outpouching  from  the  esophagus, 
the  crop.  This  is  useful  chiefly  as  a  storage  place  for  food,  but  may 
be  modified  for  other  purposes  in  some  forms.     Among  pigeons  and 
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doves,  the  crop  secretes  a  special  substance,  pigeon  milk,  for  the  nourish- 
ment of  the  nestlings. 

The  Stomach. — Among  the  vertebrates,  the  stomach  varies  in 
shape  from  a  slight  enlargement  of  the  digestive  tract  to  a  well-defined 
pouchlike  structure. 

The  stomach  is  important  not  only  as  an  organ  of  digestion  but 
also  as  one  of  temporary  storage.  This  latter  function  is  very  impor- 
tant in  animals  that  must  ingest  a  large  amount  of  food  and  escape 
before  enemies  arrive.  The  food  can  then  be  digested  after  the  animal 
has  found  a  secure  retreat.  Even  man  utilizes  his  stomach  as  a  tem- 
porary storage  organ.  He  eats  three  times  a  day  and  digests  his 
food  while  he  works  or  sleeps. 

Man  has  a  very  generalized  type  of  stomach  (Fig.  41,5),  one 
that  is  quite  similar  to  that  of  most  other  mammals.  It  has  a  capacity 
of  about  two  and  one-half  quarts.  The  outer  border  is  known  as  the 
greater  curvature  due  to  its  having  a  much  greater  length  than  does 
the  inner  border,  the  lesser  curvature.  The  boundary  between  the  stom- 
ach and  esophagus  is  marked  by  the  cardiac  valve,  a  sphincter  muscle. 
The  region  of  the  stomach  just  below  the  entrance  of  the  esophagus 
is  known  as  the  cardiac  region.  The  entire  expanded  middle  portion 
of  the  stomach  is  the  fundus.  Near  the  junction  with  the  small  intes- 
tine, the  stomach  narrows  to  the  pyloric  portion.  The  entrance  to 
the  small  intestine  is  guarded  by  the  important  sphincter  muscle,  the 
pyloric  valve.  Externally  it  is  difficult  to  distinguish  the  bound- 
aries of  these  various  regions ;  internally,  however,  the  epithelial 
lining  varies. 

While  the  structure  and  form  of  the  human  stomach  are  typical, 
some  vertebrates  have  modifications.  One  of  the  more  unusual  of  these 
is  that  found  among  the  ruminants  (cows,  sheep,  deer)  (Fig.  41, A). 
In  these  forms,  the  stomach  has  four  distinct  chambers :  the  rumen. 
the  reticulum,  the  omasum,  and  the  ahomasum.  Among  the  wild  ru- 
minants, this  modification  is  of  great  survival  value.  The  animals  feed 
entirely  on  grasses  and  other  vegetation  which  take  a  long  time  to 
digest.  These  animals  are  often  large  and  require  a  large  intake  of 
food.  With  this  chambered  stomach,  the  animal  can  consume  a  large 
amount  of  food  and  then  retire  to  a  safe  spot  to  chew  it. 

When  food  is  taken  in,  it  first  passes  to  the  rumen  for  temporary 
storage.  At  a  later  time,  the  unmodified  food  passes  into  the  reticu- 
lum.    The  wall  of  the  reticulum  has  many  pits  which  give  it  a  reticu- 
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luated  appearance.  In  this  compartment,  the  softened  grasses  are  formed 
into  cuds  which  are  regurgitated  into  the  mouth  for  further  mastication. 
After  a  prolonged  chewing,  the  food  is  reswallowed  and  enters  into 
the  omasum  and  ahomasum  where  chemical  digestion  is  continued. 

The  camel,  which  is  also  a  ruminant,  has  a  further  use  for  its 
reticulum.  It  acts  as  a  reservoir  for  water,  allowing  the  camel  to  sur- 
vive long  periods  without  drinking. 
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Fig.  41. — Mammalian  stomachs.     A,  The  cow;  B,  man. 

The  vampire  bat  also  has  an  interesting  modification  in  its  stomach. 
A  portion  of  the  fundus  forms  an  elastic  pouch  in  which  blood  is  stored 
after  the  bat  has  feasted. 

The  stomach  of  birds  has  the  cardiac  and  pyloric  sections  com- 
pletely separated.  The  cardiac  portion  is  the  glandular  portion  where 
food  is  prepared  for  further  digestion.  The  pyloric  portion  becomes 
the  gizzard  which  has  a  heavy  muscular  wall.  Here  the  food  is  ground 
up.  Small  stones  which  the  birds  swallow  act  as  grinding  surfaces. 
As  birds  have  no  teeth,  these  stones  perform  an  essential  service. 
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The  Small  Intestine. — Most  of  the  lower  and  central  part  of 
the  abdominal  cavity  is  occupied  by  the  coiled  small  intestine.  This 
is  the  longest  part  of  the  digestive  tract  and  is  some  twenty-three  feet 
in  length  in  human  beings.  It  varies  in  length  in  other  vertebrates, 
but,  in  general,  is  longer  in  herbivores  than  in  carnivores.  In  an  animal 
such  as  the  frog  that  is  herbivorous  when  a  larva  and  carnivorous 
when  an  adult,  the  intestine  actually  shortens  and  broadens  at  the  time 
of  metamorphosis.  The  name  "small  intestine"  is  derived  from  the 
fact  that  the  diameter  of  this  portion  of  the  digestive  tract  is  much 
less  than  that  of  the  large  intestine.  In  man  it  is  but  one  and  one-half 
inches  in  the  anterior  part  and  less  than  one  inch  in  the  lower  end. 

Three  regions  are  recognized  in  the  small  intestine :  the  duode- 
num, the  jejunum,  and  the  ileum.  The  duodenum  is  a  short  straight 
portion  (ten  inches  in  human  beings)  leading  from  the  pyloric  end 
of  the  stomach  to  the  jejunum.  At  first  the  duodenum  extends  up- 
ward, then  it  makes  a  sharp  bend  and  passes  downward.  The  coiled 
jejunum  in  human  beings  is  seven  and  one-half  feet  long;  it  has  some- 
what thicker  walls  and  a  wider  lumen  than  does  the  following  portion, 
the  ileum.  The  ileum  constitutes  the  remaining  length  of  the  small 
intestine.     At  its  terminal  end,  it  joins  with  the  large  intestine. 

The  inner  lining  of  all  three  sections  has  numerous  small  finger- 
like projections,  the  villi.  These  increase  the  surface  of  the  small  in- 
testines enormously,  and  are  estimated  to  number  at  least  4  to  5 
million  in  man. 

The  digestion  which  was  started  in  the  mouth  and  stomach  is  com- 
pleted here  in  the  small  intestine.  The  soluble  food  particles  then 
are  absorbed  by  the  villi  and  passed  into  the  circulatory  system. 

The  Large  Intestine. — In  contrast  to  the  small  intestine,  the 
central  cavity  or  lumen  of  the  large  intestine  is  about  two  and  one-half 
inches  wide  in  man.  Its  length  is  about  five  feet ;  thus  it  is  considerably 
shorter  than  the  small  intestine.  Where  the  ileum  and  large  intestine 
join  are  two  flaps  of  tissues  which  form  the  ileo-caecal  valve.  This 
allows  the  passage  of  undigested  materials  and  blocks  their  return  to 
the  small  intestine.  The  ileum  joins  the  large  intestine  about  two 
inches  above  the  latter's  termination.  That  portion  of  the  large  in- 
testine below  this  juncture  is  known  as  the  caecum.  In  man,  civets, 
some  rodents,  and  monkeys,  the  small  wormlike  vennifonn  appendix  is 
at  the  end  of  the  caecum.  When  infected,  this  small  process  causes 
trouble  quite  out  of  proportion  to  its  size.     Among  some  herbivorous 
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animals  such  as  the  rabbit,  the  caecum  attains  an  enormous  size,  hav- 
ing a  capacity  nearly  equal  to  that  of  the  rest  of  the  intestinal  tract. 
In  these  animals,  it  possibly  has  an  important  storage  function. 

The  greater  portion  of  the  large  intestine  is  known  as  the  colon. 
This  consists  of  three  regions :  the  ascending,  transverse,  and  descend- 
ing colons.  These  are  actually  indistinguishable  from  one  another  ex- 
cept from  the  position  that  they  occupy  in  the  coelom.  Externally  the 
walls  of  this  structure  have  a  pouched  appearance ;  internally  these 
pouches  are  seen  to  form  side  compartments,  slightly  separated  from 
the  main  lumen.  They  effectively  increase  the  absorptive  surface  of 
the  large  intestine.  This  pouched  appearance  is  due  to  the  presence 
of  longitudinal  muscle  fibers  which  are  in  the  outer  surface  layer  of 
the  large  intestine.  These  fibers  are  shorter  than  the  total  length  of 
the  colon. 

Continuous  with  the  descending  colon  is  the  rectum.  It  is  about 
five  inches  long  in  the  human  being  and  merges  into  the  short  anal 
canal.  The  posterior  opening  of  the  intestinal  tract,  the  anus,  is  guarded 
by  two  sphincter  muscles,  the  internal  and  external  ones. 

Histology. — Fundamentally  the  layers  of  tissues  forming  the  walls 
of  the  digestive  tract  are  the  same  throughout  its  length;  however,  they 
are  subject  to  considerable  variation  in  details. 

Starting  from  the  lumen,  the  layers  are  as  follows :  the  mucosa 
which  includes  the  internal  glandular  epithelium  and  the  connective 
tissues  directly  beneath  it ;  the  submucosa  which  consists  mainly  of  con- 
nective tissues  and  contained  nerves  and  blood  vessels ;  the  muscle 
layers  which  usually  include  an  inner  layer  of  circular  muscles  and  an 
outer  layer  of  longitudinal  ones ;  and  the  serous  layer  which  is  the 
visceral  peritoneum. 

The  mucosa  is  the  most  variable  of  the  layers.  In  the  esophagus 
the  epithelium  is  formed  of  stratified  squamous  cells.  The  mucous 
glands  are  located  in  the  submucosa  and  have  small  ducts  leading 
through  the  mucosa  to  the  lumen.  The  epithelium  of  the  stomach 
mucosa  is  formed  of  simple  columnar  epithelial  cells.  When  the  stom- 
ach is  not  distended  with  food,  folds  are  visible  over  its  surface.  Tiny 
shallow  pits  dot  the  whole  of  the  mucosa.  It  is  into  these  pits  that 
the  gastric  glands  discharge  their  products.  In  the  small  intestine,  the 
greatest  modification  of  the  mucosa  is  seen.  Like  the  stomach,  the 
epithelium  is  of  the  tall  columnar  type,  but  the  whole  surface  is  thrown 
into  numerous  circular   folds.      On   and   between   these   folds   are   the 
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numerous  villi  which  give  the  surface  a  velvety  appearance.  Each 
villus  is  approximately  1  mm.  in  length,  and  there  are  from  ten  to 
forty  per  square  millimeter.  The  folds  and  the  villi  increase  the  sur- . 
face  of  the  small  intestine  enormously.  Some  of  the  epithelial  cells 
are  enlarged  into  goblet  cells  which  secrete  a  lubricating  mucus.  Be- 
tween the  villi  are  tubular  depressions,  the  intestinal  glands,  which  are 
lined  with  epithelial  cells.  The  mucosa  of  the  large  intestine  is  very 
smooth,  lacking  the  villi  and  folds  of  the  small  intestine.  On  the  sur- 
face are  the  numerous  openings  of  the  tubular  glands  which  secrete 
a  lubricating  mucus. 
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Fig.  42. — Portion  of  cross  section  of  the  small 
intestine  (somewhat  diagrammatic). 


The  submucosa  and  serous  coats  are  very  similar  throughout  the 
digestive  tract.  The  arrangements  of  the  muscles  forming  the  muscu- 
lar layer  is  also  quite  similar  in  all  parts.  The  only  exception  to  this 
is  found  in  the  stomach  where  there  is  a  third  inner,  oblique  layer, 
which  is  confined  to  the  cardiac  end. 

The  Mesenteries.- — Supporting  the  entire  digestive  tract  are  the 
mesenteries  (Fig.  39)  which  are  continuous  with  both  the  visceral 
and  parietal  peritoneum.  Due  to  the  enormous  length  of  the  digestive 
tract,  these  membranes  are  much  folded.  The  blood  vessels  supply- 
ing the  digestive  tract  are  located  in  them. 
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The  relationship  of  the  stomach  to  the  mesenteries  is  rather  com- 
pHcated  due  to  the  manner  in  which  the  stomach  has  become  modified 
during  development.  Extending  from  the  stomach  is  a  large  sheet 
of  mesentery  known  as  the  greater  omentum,  which  in  part  supports  the 
stomach.  Most  of  it  extends  posteriorly  to  form  a  bag  which  hangs 
down  in  front  of  the  intestine  in  some  mammals.  In  man,  fat  is  very 
often  stored  here,  at  times  forming  an  impressive  frontage  on  older  men. 

Glands. — It  has  already  been  pointed  out  that  numerous  glands 
are  present  in  the  walls  of  the  digestive  tract.  In  addition,  there  are 
three  other  important  glands  closely  associated  with  the  functioning 
of  the  tract.  The  first  of  these  are  the  salivary  glands  which  open  into 
the  mouth  cavity. 

The  largest  gland  of  the  body  is  the  liver.  It  is  located  just  below 
the  diaphragm  and  in  man  is  composed  of  four  lobes.  It  secretes  the 
important  digestive  juice,  bile,  which  empties  into  the  duodenum  through 
the  common  bile  duct.  In  those  animals  (including  man)  which  have 
a  gall  bladder,  the  bile  may  be  stored  temporarily  until  needed.  In 
addition  to  its  digestive  function,  the  liver  also  performs  other  essen- 
tial tasks  such  as  storage  of  sugars,  removal  of  waste  substances  from 
the  blood,  and  many  others. 

Another  essential  digestive  gland  of  the  body  is  the  pancreas,  a 
pinkish,  lobular  organ  located  just  below  the  stomach  in  the  mesen- 
teries. Its  secretion,  pancreatic  juice,  is  emptied  into  the  duodenum. 
In  some  mammals,  the  pancreatic  duct  has  its  own  opening  into  the 
duodenum;  in  others  it  joins  the  common  bile  duct.  In  addition  to 
secreting  pancreatic  juice,  the  pancreas  secretes  a  hormone,  insulin, 
which  is  important  in  sugar  metabolism.  The  pancreas  thus  has  two 
entirely  unrelated  functions. 

THE  PHYSIOLOGY  OF  DIGESTION 

The  function  of  the  digestive  tract  is  to  change  ingested  food  into 
simpler  forms  which  can  be  utilized  by  the  body.  This  change  is  made 
possible  by  two  interrelated  processes,  one  mechanical,  the  other  chemi- 
cal. The  chemical  processes,  brought  about  by  the  enzymes,  split  the 
food  molecules  into  simpler  soluble  ones;  the  mechanical  processes 
move  the  food  along,  break  it  into  smaller  portions,  and  mix  it  with 
the  digestive  juices. 
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Chemical  Digestion. — Three  major  types  of  food  supply  energy 
for  work  and  repair  in  the  organism.  These  are  proteins,  carbohydrates, 
and  jats.  As  taken  in,  they  are  complex  molecules  which  must  be 
changed  chemically  into  smaller,  simpler  molecules.  This  change  is 
accomplished  by  means  of  the  organic  catalysts,  enzymes,  which  are  con- 
tained in  the  various  digestive  juices. 

By  means  of  the  various  enzymes,  the  proteins  are  split  into  their 
component  amino  acids,  the  carbohydrates  into  simple  soluble  sugars, 
and  fats  into  glycerols  and  fatty  acids.  Since  enzymes  are  so  specific 
in  their  action,  there  are  different  ones  not  only  for  each  food,  but  for 
each  step  in  the  gradual  process  of  the  breakdown  of  the  complex 
molecules. 

Chemical  digestion  begins  in  the  mouth  in  many  mammals.  Here 
the  saliva,  with  its  enzyme  ptyalin,  breaks  the  starches  into  double 
sugars.  In  addition  to  its  digestive  function,  saliva  performs  other  nec- 
essary tasks.  It  lubricates  the  food  for  easier  passage,  it  moistens  and 
dissolves  some  materials  thus  making  possible  the  sensation  of  taste,  and 
finally  it  helps  to  hold  the  macerated  particles  together  by  means  of 
the  mucin  present  in  it.     The  esophagus  contains  no  digestive  enzymes. 

The  numerous  glands  in  the  walls  of  the  stomach  secrete  the  gas- 
tric juice  which  contains  the  enzyme  pepsin,  and,  in  addition,  hydro- 
chloric acid  (HCl).  Pepsin  starts  the  digestion  of  proteins  by  split- 
ting them  into  forms  intermediate  between  the  intact  protein  and  the 
amino  acids.  The  pepsin  works  most  efficiently  in  an  acid  medium  ;  thus 
hydrochloric  acid  is  indispensable.  In  addition,  hydrochloric  acid  is 
somewhat  germicidal  and  hence  gives  some  protection  against  bacterial 
infections.  In  the  stomachs  of  some  young  mammals  such  as  the  calf, 
another  enzyme,  rennin,  is  demonstrable.     This  coagulates  milk. 

The  digestion  of  foods  is  continued  and  completed  in  the  small  in- 
testine. Here  there  are  three  main  digestive  juices:  bile,  pancreatic 
juice,  and  intestinal  juice.  Each  of  the  latter  two  contains  a  whole 
complex  of  enzymes.  The  bile  contains  no  enzymes  but  has  other  im- 
portant functions. 

Food  entering  the  small  intestine  from  the  stomach  is  acid  in 
its  reaction ;  but  this  is  soon  changed  to  a  basic  condition  due  to  the 
reaction  of  the  bile  and  pancreatic  juice.  This  is  important  because  the 
enzymes  of  the  small  intestine  perform  their  work  most  efficiently  in 
a  basic  medium. 

Bile  is  made  up  of  waste  products  from  the  red  blood  cells,  and, 
in  addition,  contains  the  important  bile  salts.     These  latter  break  the 
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large  globules  of  fat  into  very  small  droplets,  that  is,  the  fat  is  emulsi- 
fied, making  available  a  greater  surface  for  the  action  of  the  enzymes. 
This  is  strictly  a  physical  change. 

The  pancreatic  juice  contains  three  enzymes.  These  enzymes  are : 
amylase  which  acts  upon  any  starches  that  escaped  the  ptyalin,  con- 
verting them  into  double  sugars  (disaccharides)  ;  trypsin  which  continues 
the  work  started  by  the  pepsin  of  the  stomach  and  converts  the  partially 
digested  proteins  into  amino  acids ;  and  the  lipase  which  converts  fats  into 
fatty  acids  and  glycerols. 

The  intestinal  juice  likewise  has  several  enzymes.  One  of  these, 
ercpsin,  has  the  same  general  action  as  trypsin,  that  is,  it  completes  the 
digestion  of  the  proteins.  The  other  three  enzymes  are  concerned 
with  changing  the  double  sugars  into  simple  sugars  (monosaccharides)  : 
maltase  acts  on  maltose  (malt  sugar),  lactase  acts  on  lactose  (milk 
sugar),  and  invertase  (or  sucrase)  on  sucrose  (cane  sugar).  Another 
component  of  intestinal  juice  is  enter okinase  which  activates  the  trypsin 
of  the  pancreatic  juice.  Trypsin  is  actually  secreted  as  trypsinogen  and 
is  changed  by  the  enterokinase  into  trypsin. 

There  are  no  digestive  enzymes  in  the  large  intestine  of  most  mam- 
mals. Among  those  herbivores  with  a  large  caecum,  food  may  be  re- 
tained for  some  time  as  digestion  continues.  Undigested  portions  of 
food  are  collected  in  the  large  intestine,  and  excess  water  is  absorbed. 
This  results  in  changing  the  semiliquid  mass  into  the  more  solid  jeces 
which  are  then  eliminated.  The  numerous  glands  of  the  large  intes- 
tines secrete  a  lubricating  material  for  keeping  the  feces  soft  after 
the  water  is  absorbed.  The  characteristic  color  of  the  feces  is  due 
to  contained  bile  pigments. 

Control  of  the  Digestive  Glands. — One  intriguing  aspect  of  the 
digestive  process  is  the  manner  in  which  the  glands  are  activated  to 
secrete.  It  is  a  familiar  fact  that  saliva  will  start  flowing  copiously  at 
the  mere  mention  of  some  particularly  savory  food.  Odors  will  bring 
about  the  same  reaction ;  also  the  presence  of  food  in  the  mouth  ap- 
pears to  increase  the  salivary  flow.  It  appears,  then,  that  the  flow  of 
saliva  is  under  the  control  of  nerves. 

The  presence  of  food  in  the  stomach  is,  in  part,  sufificient  to  start 
the  secretion  by  the  gastric  glands.  In  fact,  it  has  been  shown  that 
the  presence  of  food  in  the  mouth  or  even  the  odor  of  food  will  like- 
wise initiate  this  flow.  This  appears  to  demonstrate  that  this  flow 
is  at  least  to  a  great  extent  under  nervous  control.     It  has  been  shown, 
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however,  that  if  all  the  nerves  to  the  stomach  are  cut,  gastric  juice  will 
still  be  secreted.  This  shows  that  there  is  some  other  type  of  con- 
trol involved  in  this  secretion.  It  appears  that  the  partially  digested 
portions  of  protein  stimulate  the  secretion  of  another  material,  gastrin. 
This  gastrin  stimulates  further  secretion  by  the  gastric  glands  either 
through  the  blood  stream  or  perhaps  simply  by  its  presence  in  the 
immediate  neighborhood. 

The  understanding  of  this  dual  control  of  gastric  secretion  was 
made  possible  by  a  series  of  experiments  which  were  begun  by  Pavlov, 
a  Russian  physiologist.  Pavlov  designed  the  ingenious  Pavlov  pouch 
which  is  an  isolated  section  of  the  stomach  attached  to  the  abdominal 
wall.  An  opening  is  made  from  this  pouch  through  the  body  wall,  mak- 
ing possible  the  collection  of  the  gastric  juices.  In  this  way  it  was 
possible  to  study  gastric  secretion. 

Soon  after  the  acid  contents  of  the  stomach  enter  the  small  intes- 
tine, the  flow  of  juice  from  the  pancreas  and  liver  begins.  Thus  the  flow 
of  these  juices  seems  to  be  in  some  way  associated  with  the  presence  of 
hydrochloric  acid  in  the  duodenum.  This  acid  stimulates  the  produc- 
tion of  two  special  substances,  secretin  and  pancreozymin,  by  the  duode- 
nal mucosa.  These  pass  into  the  blood  stream  and  initiate  and  main- 
tain the  flow  of  the  pancreatic  juice.  Pancreozymin  stimulates  the 
secretion  of  the  pancreatic  enzymes  while  secretin  stimulates  that  of 
the  water  and  bicarbonates.  The  presence  of  the  undigested  fats  in 
the  food  mass  brings  about  the  secretion  of  another  substance,  chole- 
cystokinin  by  the  mucosa.  Cholecystokinin  likewise  passes  into  the 
blood  stream,  but  its  action  is  to  stimulate  the  emptying  of  the  gall 
bladder.  The  flow  of  bile  from  the  liver  is  apparently  increased  by 
the  secretin.  A  fourth  substance,  enterogastrone,  also  secreted  by  the 
duodenal  mucosa  into  the  blood,  inhibits  the  flow  of  gastric  juice  and 
stomach  movements. 

The  initiation  of  the  secretion  of  the  intestinal  juice  apparently 
is  likewise  due  to  a  substance  liberated  into  the  blood  by  the  duodenal 
mucosa.  This  is  enterocrinin  which  is  secreted  after  the  acid  material 
or  chyme  enters  the  intestine  from  the  stomach. 

The  interrelationships  of  these  various  secretions  and  their  actions 
are  illustrated  in  Fig.  43. 

Movements  of  the  Digestive  Tract. — Once  food  is  swallowed,  its 
movements  through  the  digestive  tract  become  automatic.  The  muscles 
which  cause  these  movements  are  all  of  the  smooth  type.     There  are 


142         The   Vertebrate  Organ  Systems 

various  local  movements  confined  to  special  regions,  but  these  are  super- 
imposed on  the  generalized  wave  of  contraction  which  sweeps  over  the 
tract.  These  waves,  beginning  in  the  upper  portion  of  the  esophagus 
and  continuing  through  the  rectum,  are  known  as  peristalsis.  This 
movement  is  the  most  important  in  keeping  the  food  going  along  the  tract. 


Fig.  43. — Diagram  of  the  interrelationships  of  the  hormones  involved  in  gas- 
trointestinal coordination.  (From  Prosser:  Comparative  Animal  Physiology,  W.  B. 
Saunders  Company.) 


In  the  mouth  and  pharynx  the  mechanical  movements  are  voluntary 
in  nature.  In  the  mouth  these  movements  consist  of  the  chewing  mo- 
tions which  by  means  of  the  teeth  and  tongue  break  the  food  into  small 
particles  and  mix  it  with  the  saliva.  In  addition,  the  food  is  formed 
into  small  balls,  known  as  boluses,  due  to  the  gluey  substance,  mucin, 
of  the  saliva.  By  movements  of  the  tongue,  the  boluses  are  gradually 
moved  into  the  pharynx  where  they  are  swallowed.  Each  swallowing 
movement  is  followed  by  a  peristaltic  wave  in  the  esophagus. 

This  peristaltic  wave  is  the  only  movement  observable  in  the 
esophagus.  As  each  wave  reaches  the  stomach,  the  cardiac  sphincter  re- 
laxes and  permits  the  food  or  liquid  to  enter. 

The  peristaltic  waves  of  the  stomach  may  be  started  by  the  swal- 
lowing of  food;  however,  they  are  not  just  a  continuation  of  those  of 
the  esophagus.  They  arise  at  a  point  midway  between  the  cardiac  and 
pyloric  valves,  and  gradually  start  originating  nearer  the  cardiac  end. 
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A  few  hours  after  a  meal,  the  waves  start  up  near  the  entrance  of 
the  esophagus  and  sweep  over  the  entire  stomach.  The  food  is  gradu- 
ally moved  along  the  stomach  by  these  waves. 

The  stomach,  and  particularly  the  fundus,  is  to  a  great  extent  an 
organ  for  the  temporary  storage  of  food.  The  first  food  entering 
moves  against  the  wall,  forming  a  more  or  less  solid  mass.  The  next  food 
which  enters  forms  a  layer  against  this  first  mass.  Gradually  there 
is  a  whole  series  of  layers  of  food.  That  portion  in  the  center  is  not 
affected  by  the  gastric  juice  for  a  considerable  period,  and  starch  di- 
gestion by  ptyalin  is  continued.  The  peristaltic  waves  move  the  food 
along  toward  the  pyloris  which  is  tightly  closed.  This  forces  the 
semiliquid  food  backward,  resulting  in  movements  best  described  as 
"churning."  These  movements  continue  for  a  period  of  time  which 
varies  with  different  individuals  and  with  the  nature  of  the  food.  After 
some  time,  the  semiliquid  mass  of  food  and  gastric  juice  passes  from  the 
stomach  through  the  pyloric  valve  and  into  the  small  intestine.  It  ap- 
pears that  the  opening  of  this  valve  is  dependent  upon  the  consistency 
of  the  food  and  the  strength  of  the  peristaltic  waves. 

Water  remains  in  the  stomach  for  only  ten  to  twenty  minutes, 
while  carbohydrates  move  out  usually  within  three  hours.  Proteins 
take  a  bit  longer,  and  fats  are  the  slowest  of  all.  A  large  amount 
of  fat  in  a  meal  will  delay  the  emptying  of  the  stomach,  giving  rise  to 
the  feeling  of  being  "very  full." 

Two  types  of  movements  are  visible  in  the  small  intestine.  The 
peristaltic  waves  occur  along  the  entire  length  and  are  responsible  for 
moving  the  food  along.  Each  wave  progresses  for  a  few  inches  and 
then  dies  out.  Other  movements  of  a  churning  nature,  segmentation 
movements,  occur  in  short  segments  of  the  intestine.  The  food  thus 
is  moved  along  slowly  by  the  peristaltic  wave  and  then  churned  by  the 
segmental  movements.  Occasionally  a  large  peristaltic  wave  passes  a 
longer  distance,  carrying  the  food  for  a  greater  length.  These  are  the 
peristaltic  rushes.  These  two  types  of  movements  effectively  mix  the 
food  with  the  digestive  juices  and  move  it  slowly  along  toward  the 
colon.  It  takes  from  three  to  six  hours  for  food  to  traverse  the  entire 
length  of  the  small  intestine. 

In  general,  the  movements  of  the  large  intestine  are  similar  to  the 
ones  of  the  small,  that  is,  there  are  both  peristaltic  waves  and  churning 
movements.  The  material  entering  the  large  intestine  is  very  liquid, 
and  one  of  the  prime  functions  of  the  large  intestine  is  to  absorb  excess 
water.     This  is  important  in  the  prevention  of  excessive  water  loss, 
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and  gradually  results  in  the  formation  of  the  feces.  Occasionally  after 
a  meal,  movements  known  as  niass  peristalsis  occur.  These  move  the 
undigested  remains  of  food  from  one  region  to  another. 

Defecation  is  brought  about  by  a  combination  of  many  movements. 
The  v^alls  of  the  rectum  are  contracted,  forcing  the  feces  downward. 
In  addition,  the  abdominal  walls  and  the  diaphragm  push  inward  and 
downward,  helping  to  force  the  feces  out. 

Movements  of  the  Villi. — In  the  small  intestine,  the  movements 
of  the  villi  are  important  for  the  absorption  of  the  digested  food.  Two 
types  of  movement  are  observable.  One  is  simply  a  slow  waving  back 
and  forth ;  the  other  is  a  sort  of  pumping  movement  which  aids  the 
passage  of  the  food  into  the  vessels  of  the  circulatory  system. 

FOODS  AND  NUTRITION 

Vertebrates  vary  considerably  in  their  food  habits.  Both  struc- 
turally and  physiologically  they  are  adapted  to  these  various  habits. 
Carnivorous  animals  such  as  the  dog  and  cat  rely  upon  meat  as  their 
main  food ;  herbivorous  animals  such  as  cattle  use  vegetable  materials. 
An  animal  such  as  man  is  omniverous  in  his  habits,  that  is,  he  eats 
both  animal  and  vegetable  foods.  No  matter  what  its  source,  food  is 
utilized  for  either  energy  or  repair.  Energy  is  derived  chiefly  from 
the  oxidation  of  carbohydrates  and  fats  while  the  proteins  contribute 
to  the  building  and  repair  of  tissues. 

All  the  foods  used  by  the  body  produce  a  measurable  amount 
of  heat.  This  heat  of  combustion  can  be  determined,  and  is  measured 
by  the  unit  known  as  the  Calorie.  A  Calorie  is  defined  as  the  amount 
of  heat  needed  to  raise  the  temperature  of  one  liter  of  water  one  de- 
gree centigrade.  In  general,  carbohydrates  produce  four  Calories  per 
gram,  fats  produce  nine,  and  proteins  four.  It  is  more  difficult  to  be 
accurate  in  the  measurement  of  the  caloric  value  of  proteins  as  their 
combustion  is  not  always  complete. 

The  caloric  needs  of  various  individuals  vary  with  age  and  activity. 
Usually  it  is  recommended  that  a  man  leading  a  sedentary  life  needs 
about  2,500  per  day;  a  woman,  about  2,100.  Children  have  a  higher 
demand,  and  a  16-  to  20-year-old  youth  may  need  as  many  as  3,800  daily. 

In  addition  to  fats,  carbohydrates,  and  proteins,  certain  other 
materials  are  needed  in  the  diet.  These  do  not  contribute  calories,  but 
perform  other  essential  functions.  Among  these  necessary  items  are 
the  various  vitamins,  inorganic  salts,  and  water. 
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Carbohydrates. — Carbohydrates  are  the  chief  source  of  energy  for 
the  body.  They  enter  the  blood  stream  from  the  small  intestine  as 
simple  sugars,  and  are  taken  for  temporary  storage  to  the  liver.  Here 
they  are  transformed  into  the  polysaccharide,  glycogen,  and  are  changed 
again  to  the  soluble  sugars  as  they  are  needed  by  the  body.  Excess 
sugars  can  be  changed  into  fat  for  more  permanent  storage — a  well- 
known  phenomenon.  When  oxidized,  sugars  burn  completely  to  pro- 
duce water  and  carbon  dioxide. 

Fats. — Fats  enter  the  blood  stream  from  the  small  intestine  as 
tiny  droplets.  They  are  utilized  for  energy  by  the  body,  producing 
carbon  dioxide  and  water  when  completely  burned.  More  important  is 
their  storage  as  a  reserve  food  supply.  They  are  stored  under  the  skin 
and  in  various  other  spots.  Inasmuch  as  fat  is  a  poor  conductor  of 
heat,  it  is  an  excellent  insulating  material.  The  fat  stores  are  utilized 
only  after  prolonged  fasting. 

Proteins. — The  proteins  are  broken  down  into  amino  acids  which 
then  are  able  to  pass  into  the  blood  stream  from  the  small  intestine. 
They  can  be  utilized  for  energy  production,  but  more  important  is  their 
use  for  repair  and  rebuilding  of  tissues.  The  cells  of  the  body  utilize 
these  amino  acids  as  "building  blocks"  for  constructing  their  own 
unique  proteins. 

For  the  repair  and  building  of  tissue,  certain  amino  acids  are  abso- 
lutely essential.  Some  of  these  can  be  synthesized  by  the  body,  but 
most  must  be  present  in  the  food.  In  general,  animal  proteins  are  more 
concentrated  and  useable  than  are  plant  proteins.  It  is  true  that  all 
the  amino  acids  can  be  found  in  plants,  but  an  immense  variety  of 
plant  material  must  be  eaten  if  one  is  to  be  sure  to  get  all  of  them. 

Water. — Water  furnishes  no  energy,  but  is  absolutely  essential  for 
all  cellular  activity,  and  forms  a  large  percentage  of  the  total  body 
composition. 

Inorganic  Salts. — Salts  are  continuously  added  to  and  removed 
from  the  body  tissues.  Some  form  an  essential  part  of  various  struc- 
tures :  calcium  and  phosphorus  in  bone  and  teeth ;  iodine  in  the  thyroid  ; 
and  iron  in  hemoglobin.  Further  they  play  an  important  role  in  main- 
taining cell  permeability. 

Vitamins. — Until  men  started  suffering  from  a  lack  of  vitamins, 
their  existence  was  unknown.  Now  it  is  a  well-known  fact  that  vitamins 
are  essential  to  good  health.     They  do  not  produce  energy,  but  appear 
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to  act  as  catalysts  in  certain  important  activities.  Very  small  quantities 
are  needed,  and  fortunately  they  are  widely  distributed  in  many  dif- 
ferent foods. 

There  are  a  number  of  different  vitamins  essential  in  human  nutri- 
tion. The  most  important  of  these  along  with  their  importance,  sources, 
and  deficiency  symptoms  are  given  in  the  accompanying  table. 

Summary  of  Vitamins  Important  in  Human  Nutrition 


I 


\ 


vitamin 


A 

Carotene 


Thiamin 


B, 
Riboflavin 


Niacin 


D 


K 


source 


IMPORTANCE 


DEFICIENCY  SYMPTOMS 


Leafy  green  vege- 
tables, dairy  prod- 
ucts, yellow  vege- 
tables, fish  liver 
oil 


Yeast,  liver,  eggs, 
milk,  legumes, 
fruit,  lean  meat, 
cereals 


Milk,  eggs,  liver, 
meat,  leafy  vege- 
tables, wheat  germ 


Liver,  kidney,  pea- 
nuts, lean  meat, 
yeast,  bran,  green 
leaf  vegetables, 
eggs 


Essential  for  growth, 
vision,  resistance 
to  skin  infections 


Necessary  for  carbo- 
hydrate metabo- 
lism; for  good  ap- 
petite, normal  di- 
gestion, proper 
nerve  functioning 


Necessary  for  growth 
and  tissue  respira- 
tion, increases 
vitality 


Important  in  cellular 
respiration;  essen- 
tial for  growth 
and  health 


Night  blindness 
Dry  skin 
Poor  growth 


Poor  growth,  loss  of 
appetite,  emotional 
instability,  enlarge- 
ment of  heart 
(beriberi) 


Roughening  of  skin ; 
light  sensitivity 


Alfalfa,  cabbage, 
tomatoes,  pine- 
apple, citrus  fruits 


Egg  yolk,  fish,  liver, 
fish  liver  oil 


Lettuce,  spinach,  egg 
yolk,  meat,  seeds 


Spinach,  tomatoes, 
cabbage,  cauli- 
flower 


Cures  and  prevents 
scurvy;  resistance 
to  infections;  im- 
portant for  tooth 
and  bone  forma- 
tion 


Bone  calcification; 
use  of  calcium  and 
phosphorus 


Prevents  sterility  in 
rats 


Normal  clotting  of 
blood;  normal  heal- 
ing of  wounds 


Pellagra ;  soreness  of 
mouth,  digestive  and 
nervous  disturbances 


Scurvy;  gum  infections, 
defective  teeth  and 
bone  formation 


Rickets  and  tooth 
decay 


Importance  has  not 
been  demonstrated 
in  human  nutrition 


Poor  healing  of  wounds; 
tendency  to  hemor- 
rhage 


CHAPTER  9 

THE  RESPIRATORY  SYSTEM 


The  energy  for  the  carrying  out  of  Hfe  processes  is  largely  derived 
from  the  oxidation  of  the  simple  sugar,  glucose.  This  reaction  is  in- 
dicated by  the  following  simplified  equation : 

CeH,=Oe+60.  >  6CO.  +  6H=0  +   free  energy 

The  only  two  substances  involved  in  this  equation  are  the  sugar,  in 
this  case  glucose,  and  oxygen.  In  the  chapter  on  digestion,  the  manner 
in  which  food  materials  were  made  available  to  the  cells  was  explained ; 
the  present  chapter  is  concerned  with  the  manner  in  which  the  oxygen 
is  made  available  and  the  carbon  dioxide  is  removed. 

The  circulatory  system  in  both  these  cases  actually  delivers  the  glu- 
cose and  the  oxygen  to  the  sites  where  they  are  needed.  The  prepara- 
tion of  the  food  for  this  use  was  the  function  of  the  digestive  system ; 
similarly  the  function  of  the  respiratory  system  is  to  make  the  essential 
oxygen  available  to  the  circulating  medium. 

No  matter  how  complex  the  accessory  structures  may  be,  all 
respiratory  devices  have  three  essential  requirements :  there  must  be 
a  thin,  moist  living  membrane  with  oxygen  on  one  side  and  a  cir- 
culatory medium  on  the  other.  Throughout  the  different  animal  groups, 
various  respiratory  devices  have  been  developed,  but  all  have  this  same 
basic  structure. 

So  long  as  an  animal  is  very  small,  no  elaborate  respiratory  devices 
are  needed.  Diffusion  of  oxygen  into  the  body  cell  or  cells  occurs 
through  the  cell  membrane.  This  is  the  condition  among  the  protozoans 
and  among  the  less  complex  metazoans  such  as  the  sponges  and  some  of 
the  worms.  As  the  body  bulk  increases,  simple  diffusion  is  not  suffi- 
cient to  supply  oxygen  to  the  inner  cells.  In  larger  animals,  various 
special  structures  increase  surface  for  respiratory  exchange  in  limited 
areas.  Accompanying  these  developments,  the  circulatory  mechanism 
increases  in  complexity  and  efficiency.  In  the  earthworm,  a  fairly  simple 
development  of  this  type  can  be  seen.     Here  the  moist  skin  serves  as 
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the  respiratory  surface ;  below  it  are  numerous  small  blood  vessels  for 
receiving  the  oxygen.  Among  some  of  the  ocean-dwelling  relatives 
of  the  earthworm,  folds  of  skin  or  simple  gills  develop.  Gills  are  found 
among  many  of  the  invertebrate  groups,  including  the  starfish,  molluscs, 
crustaceans,  and  some  insect  larvae.  These  gills  are  often  elaborate 
structures,  much  more  complex  than  those  of  the  marine  annelids. 

Among  the  invertebrates,  the  insects  and  some  of  their  allies  have 
developed  one  of  the  most  efficient  respiratory  mechanisms.  These  forms 
have  fine  tubes,  tracheae,  which  penetrate  throughout  the  body  issues 
and  conduct  the  air  to  all  parts.  The  efficiency  of  this  system 
is  limited  to  comparatively  small-sized  animals ;  these  tracheal  systems 
are  considered  to  be  one  of  the  important  factors  which  limit  the  size 
attainable  by  insects. 

The  vertebrates  show  an  even  greater  diversity  of  respiratory 
structures.  Among  the  fish  and  larval  amphibians,  elaborate  gills  are 
developed  in  the  pharyngeal  region.  Among  the  fishes  the  water  enters 
through  the  mouth  and  passes  out  through  the  gill  slits.  As  the  fish 
swims  about,  a  constant  stream  of  water  is  passed  over  the  thin  mem- 
branes of  the  gills,  and  oxygen  is  brought  into  close  contact  with  the 
small  capillaries. 

With  the  advent  of  land  life,  the  development  of  lungs  and  their 
accessory  structures  appeared.  The  first  lungs  as  seen  among  the 
amphibians  are  simple  sacs  and  provide  but  little  surface  for  respira- 
tory exchange.  In  this  group,  the  moist  skin  is  a  necessary  adjunct  to 
the  lungs.  Reptiles  have  more  elaborate  lungs  with  numerous  infold- 
ings  of  tissue  for  increasing  surface.  The  best  developed  lungs  are 
found  among  the  birds  and  mammals.  This  is  undoubtedly  associated 
with  the  homoiothermic  condition  of  these  animals,  which  requires  a 
much  more  rapid  oxidation  of  foods.  The  lungs  of  birds  are  connected 
with  air  sacs  which  occupy  the  interior  of  bones  and  portions  of  the 
coelom.  These  serve  both  to  increase  the  efficiency  of  the  lung  ventila- 
tion and  to  lighten  the  body  for  flight.  Mammals  have  acces- 
sory structures  such  as  the  diaphragm  to  increase  the  efficiency  of  air 
movement  in  and  out  of  the  lungs. 

FUNCTION  OF  THE  RESPIRATORY  SYSTEM 

The  respiratory  system  has  the  sole  function  of  providing  surfaces 
for  respiratory  exchange.  In  so  doing,  oxygen  for  the  production  of 
energy  is  made  available  for  the  animal,  and  the  waste  product,  carbon 
dioxide,  plus  some  water,  is  eliminated. 
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THE  ANATOMY  OF  THE  RESPIRATORY  SYSTEM 

In  mammals  as  in  all  other  animals,  the  essential  respiratory  device 
is  a  thin  moist  membrane;  however,  due  to  the  increased  bulk  of  these 
animals,  the  constant  body  temperature,  and  the  increased  metabolic 
rate,  many  accessory  structures  for  increasing  the  efficiency  of  the  ex- 
change are  absolutely  necessary. 

Air  before  it  can  be  exchanged  with  the  blood  must  be  warmed, 
cleaned,  and  humidified.  Special  structures  developed  in  the  nose  take 
care  of  this  initial  problem.  Air  passes  through  the  nose,  the  naso- 
pharynx, the  pharynx,  and  enters  the  respiratory  tube  proper,  through 
the  glottis.  The  upper  part  of  the  tube  is  a  cartilaginous  box,  the  larynx. 
Beyond  the  larynx  the  tube  is  known  as  the  trachea.  The  trachea  passes 
posteriorly  to  divide  into  the  two  bronchi,  one  of  which  passes  to  each 
lung.  Within  the  lungs,  the  bronchi  branch  into  the  bronchioles  and 
continue  branching  and  rebranching  until  they  terminate  in  numerous 
thin-walled  sacs,  the  alveoli.  It  is  within  the  alveoli  that  the  actual 
gaseous  exchange  takes  place. 

The  Nose. — In  mammals,  the  nose  serves  two  important  functions  : 
it  serves  as  a  passageway  for  air  and  as  a  sense  receptor  for  odors. 
Among  lower  vertebrates  such  as  the  fish,  the  nose  has  but  a  single 
function,  that  of  the  detection  of  odors.  The  adult  terrestrial  amphibians 
are  the  first  to  utilize  the  nose  as  an  air  pathway.  In  them,  however, 
the  air  passes  directly  into  the  mouth.  It  is  among  the  reptiles  that  the 
first  real  separation  of  air  and  food  passages  occurs.  The  dorsal  nose 
is  separated  from  the  mouth  by  means  of  the  hard  palate,  and  the  in- 
ternal openings  of  the  nose  are  pushed  far  back  toward  the  throat.  In 
the  alligator  this  condition  is  developed  to  an  extreme.  The  internal 
nares  are  in  the  throat,  and  by  means  of  a  special  membrane  at  the 
rear  of  the  mouth,  the  air  passage  is  effectively  sealed  off  from  the 
mouth.  By  means  of  this  ingenious  device,  the  alligator  can  hold  its 
mouth  open  below  water  and  not  drown ! 

In  mammals  as  in  reptiles,  the  hard  palate  separates  the  nasal  and 
mouth  cavities.  The  internal  nasal  openings,  or  internal  nares,  open 
back  toward  the  pharynx.  Inasmuch  as  both  mouth  and  nasal  passages 
open  into  the  pharynx,  breathing  can  be  carried  on  through  both  routes. 
There  are  definite  advantages  to  nasal  breathing,  however,  and  mouth 
breathing  usually  occurs  only  when  the  nasal  passages  are  in  someway 
blocked. 
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The  main  nasal  passageway  is  divided  into  two  halves  by  the  nasal 
septum.  Into  each  passage  a  series  of  bones,  the  conchae,  project. 
These  are  covered  with  a  thin,  ciliated  mucous  membrane.  In  the  upper 
portion  of  each  passage  is  a  patch  of  ciliated  olfactory  epithelium,  the 
odor  receptors.     Air  entering  the  body  is  thus  constantly  sampled  for 
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Fig.  44. — A  sagittal  section  of  the  upper  portion  of  the  respiratory  tract. 
(From  Zoethout  and  Tuttle:     Textbook  of  Physiology.) 


possibly  unpleasant  or  even  dangerous  odors.  In  man  this  sense  plays 
a  role  of  much  less  importance  than  among  many  other  mammals.  The 
cilia  on  the  mucous  membranes  serve  to  remove  dust  particles  from  the 
entering  air,  while  this  same  air  is  warmed  and  humidified  during  its 
passage  over  these  membranes. 

The  sinuses  of  the  skull  have  their  lining  mucous  membranes  con- 
tinuous with  those  of  the  nasal  passages.    They  communicate  with  these 
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passages  by  means  of  small  openings.  During  respiratory  infections, 
these  openings  frequently  close  due  to  the  swelling  of  the  mucous 
membranes. 

The  Pharynx. — The  pharynx  serves  as  a  common  passageway  for 
both  air  and  food.  The  air  passes  through  the  nasopharynx  and  crosses 
the  pathway  of  the  food  to  enter  the  glottis.  In  mammals  the  glottis 
is  protected  against  the  entrance  of  food  by  a  triangular  flap  of  tissue, 
the  epiglottis,  which  is  strengthened  by  a  special  cartilage. 

The  Larynx. — Directly  below  the  glottis  is  an  enlargement  of  the 
trachea,  the  larynx.  Within  this  cartilaginous  box  are  two  ridges  com- 
posed of  elastic  tissue,  the  vocal  cords.  These  stretch  across  the  larynx 
and  can  be  set  in  vibration  by  air  passing  over  them  from  the  lungs. 

This  voice  box  with  its  contained  vocal  cords  is  best  developed 
in  the  voluble  mammals.  Other  vertebrates,  however,  also  are  capable 
of  vocalizing.  The  noisy  frogs,  for  example,  have  many  familiar  calls 
in  early  spring.  Many  of  the  reptiles  make  hissing  and  grunting  noises 
by  forceably  expelling  air  through  the  glottis.  The  singing  of  birds  is 
not  due  to  the  vocal  cords  at  all ;  in  fact,  their  larynx  is  but  poorly  de- 
veloped. Instead  they  have  a  special  organ,  the  syrinx,  at  the  base  of 
the  trachea.  This  contains  a  vibratory  structure,  somewhat  like  a  reed, 
which  produces  the  familiar  bird  songs  as  air  rushes  over.  Usually 
vocalization  occurs  only  as  air  is  expelled.  The  bray  of  the  donkey  is 
an  example  of  an  exception  to  this. 

In  mammals  there  are  nine  cartilages  that  form  the  walls  of  the 
larynx.  One  of  the  ventral  cartilages,  the  thyroid,  is  larger  in  men  than 
in  women  and  forms  the  well-known  Adam's  apple.  In  males,  the 
larynx  enlarges  and  the  vocal  cords  lengthen  at  puberty,  resulting  in 
a  lowered  pitch  to  the  voice. 

The  Trachea  and  Bronchi. — In  those  vertebrates  with  well-de- 
veloped lungs,  the  trachea  extends  from  the  larynx  to  the  point  where 
it  bifurcates  into  the  two  bronchi.  In  those  birds  such  as  the  swan  with 
long  necks,  the  trachea  may  be  extremely  elongated ;  in  mammals  it 
is  usually  quite  short.  Its  walls  are  supported  by  rings  of  cartilage 
which  prevent  its  collapsing.  In  most  mammals,  these  cartilages  are 
C-shaped,  with  the  open  portion  resting  against  the  esophagus.  These 
cartilages  give  both  flexibility  and  strength  to  the  walls. 

The  walls  of  the  bronchi  are  likewise  supported  by  cartilaginous 
rings.  As  each  bronchi  divides  and  redivides  into  smaller  and  smaller 
bronchioles,   the    walls    become   thinner   and   the    cartilages    disappear. 
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Finally  the  walls  of  these  bronchi  consist  of  thin  layers  of  smooth 
muscle  and  mucosa.  These  smaller  divisions  are  all  within  the  lung 
substance.  Each  division  of  a  bronchiole  finally  terminates  in  a  tiny  air 
sac,  the  alveolus. 

The  epithelium  lining  the  respiratory  tract  is  of  the  columnar  type 
with  the  bases  of  the  cells  resting  on  a  special  connective  tissue  mem- 
brane, the  basement  membrane.  Most  of  the  cells  have  cilia  at  the  free 
end.  Beneath  the  basement  membrane  are  many  mucous  glands  which 
keep  the  walls  of  the  tube  moist.  This  mucus  catches  the  dust  particles 
which  may  enter  with  the  air,  and  the  waving  cilia  carry  the  mucus 
and  contained  dust  up  to  the  throat  where  it  can  be  expectorated. 


UARYMX 


Fig.  45. — The   respiratory  tract.      (After   Dalton,  from   Zoethout 
and  Tuttle:     Textbook  of  Physiology.) 

The  Lungs. — The  lobated  lungs  occupy  the  greater  part  of  the 
thoracic  cavity  of  mammals.  In  human  beings,  the  right  lung  is  divided 
into  three  lobes  and  the  left  into  two.  Surrounding  each  lung  is  a 
double-walled  sac,  the  pleura.  One  portion  of  this  sac  is  adherent  to 
the  walls  of  the  chest  and  diaphragm.    This  is  the  parietal  pleura.    The 
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visceral  pleura  is  adherent  to  the  lungs.  The  nearly  obliterated  space 
between  these  pleura  is  the  pleural  cavity.  Since  the  two  membranes 
are  kept  moist  by  secretions  of  mucus,  they  normally  move  smoothly 
against  one  another.  Pleurisy  results  when  they  become  inflamed  and 
friction  occurs  between  them.  Medially  the  walls  of  the  pleura  press 
against  each  other  to  form  the  mediastinal  septa.  In  the  region  of  the 
heart,  the  pleura  separate  from  one  another,  forming  a  cavity,  the 
mediastinum  in  which  are  located  the  heart,  many  blood  vessels,  and 
other  visceral  structures. 

The  lung  tissue  is  very  elastic  and  spongy,  owing  to  the  numerous 
small  air  spaces  within  it.  The  lung  itself  consists  of  numerous  blood 
vessels,  nerves,  bronchioles,  with  their  terminal  air  sacs,  and  much  elastic 
connective  tissue.  The  two  lungs  contain  approximately  700,000,000 
or  more  alveoli,  each  having  a  diameter  of  about  0.1  mm.  This  presents 
an  enormous  area  for  respiratory  exchange. 

The  wall  of  each  alveolus  consists  of  an  extensive  network  of 
anastomosing  capillaries  interspersed  with  elastic  and  reticular  connective 
tissue  fibers.  This  very  intimate  contact  between  the  thin-walled 
capillaries  and  the  inspired  air  permits  free  exchange  of  gases. 

THE  PHYSIOLOGY  OF  RESPIRATION 

All  terrestrial  animals  live  in  a  sea  of  air;  it  permeates  nearly 
all  spaces,  and  is  essential  to  most  animals  for  the  utilization  of  food  for 
the  production  of  energy. 

The  greater  part  of  the  atmosphere  is  actually  made  up  of  nitrogen 
which  plays  no  essential  role  in  respiration.  It  forms  78  per  cent  of 
the  air  while  oxygen  forms  but  21  per  cent.  The  remaining  1  per  cent 
of  air  is  made  up  of  carbon  dioxide,  water  vapor,  and  rare  gases.  The 
amount  of  dissolved  oxygen  in  water  varies,  depending  upon  rate  of 
flow,  depth,  and  other  factors,  but  is  much  lower  than  that  of  air. 
Aquatic  animals,  therefore,  tend  to  be  more  sluggish  than  do  terrestrial 
animals. 

The  need  for  oxygen  varies  within  the  dififerent  animal  groups  and 
even  in  the  tissues  within  the  individual.  Even  in  man,  there  are 
anaerobic  processes,  that  is,  energy  production  without  the  use  of  oxygen. 
This  is  especially  well  illustrated  by  muscle  activity  in  which  an  oxygen 
debt  can  be  acquired.  Some  animals,  especially  intestinal  parasites, 
are  able  to  live  without  free  oxygen.  They  utilize  glycogen  for  the  pro- 
duction of  energy  in  a  manner   similar  to  that   noted   previously   for 
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muscular  activity.  Instead  of  reoxidizing  the  lactic  acid  so  produced 
back  into  glycogen,  the  lactic  acid  is  eliminated  as  a  waste  product. 
The  parasite  thus  acquires  no  oxygen  debt.  It  should  be  realized  that 
anaerobiosis  is  a  comparative  condition,  varying  in  degree  from  forms 
such  as  man  -who  can  acquire  only  a  limited  oxygen  debt  to  those  para- 
sites which  can  live  an  entire  life  span  in  the  absence  of  free  oxygen. 

External  and  Internal  Respiration. — The  term  respiration  may 
be  applied  to  any  process  involving  not  only  the  mechanical  intake  and 
transport  of  air,  but  also  the  utilization  of  the  oxygen  in  the  cells.  It 
is  actually  better  to  distinguish  between  two  phases  of  respiration :  ex- 
ternal and  internal.  External  respiration  includes  the  movement  of 
oxygen  into  the  circulatory  system  and  the  transport  by  that  system 
of  the  oxygen  to  the  cells.  It  also  includes  the  loss  of  the  waste  ma- 
terial, carbon  dioxide,  to  the  atmosphere.  Internal  respiration  refers  to 
the  actual  utilization  of  the  oxygen  within  the  cells.  In  mammals,  ex- 
ternal respiration  consists  of  the  inspiration  of  the  air  into  the  lungs,  the 
movement  of  the  oxygen  into  the  blood,  and  the  transport  of  this  oxygen 
to  the  cells.  In  the  blood  the  oxygen  is  carried  by  the  red  blood  cells 
which  possess  the  respiratory  pigment,  hemoglobin.  This  hemoglobin 
combines  with  oxygen  to  form  oxyhemoglobin.  When  oxyhemoglobin 
reaches  the  capillaries,  it  gives  up  the  oxygen  and  again  is  simply  hemo- 
globin. The  carbon  dioxide  produced  by  the  oxidation  of  foods  is  re- 
turned by  the  blood  to  the  lungs  for  release. 

Internal  respiration  is  carried  on  within  the  cells  by  a  complex 
series  of  enzymes.  This  phase  of  respiration  produces  the  energy  for 
all  the  life  processes. 

Mechanics  of  Respiration. — Among  fish,  water  is  forced  over  the 
vascular  gills  and  here  gaseous  exchange  occurs.  With  the  advent  of 
terrestrial  life  and  lungs,  other  mechanisms  developed  to  increase  the 
efficiency  of  this  exchange.  The  frog,  which  has  no  special  chest  muscles 
for  respiration,  literally  swallows  its  air  by  the  action  of  the  muscles 
of  the  throat.  Most  of  the  reptiles  have  advanced  greatly  over  this 
simple  method :  they  have  developed  ribs  and  muscles  for  aiding 
respiratory  exchange. 

It  is  among  the  mammals  that  the  greatest  ef^ciency  in  the  me- 
chanism for  facilitating  this  gaseous  exchange  is  seen.  Here  the  rapid 
movement  of  air  is  based  upon  differences  in  pressures  which  are  brought 
about  by  the  interaction  of  the  intercostal  muscles  and  the  muscular 
diaphragm. 
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Between  each  neighboring  set  of  ribs  (Fig.  2)2,A)  are  two  sets  of 
muscles :  one,  the  external  intercostals,  slant  downward  and  forward ; 
the  other,  the  internal  intercostals,  slant  downward  and  backward.  The 
diaphragm  is  a  large  dome-shaped  muscle  which  separates  the  abdominal 
and  thoracic  cavities.  Its  origin  is  along  the  body  wall  just  below  the 
ribs,  with  the  insertion  on  a  central  tendon. 

During  inspiration,  the  diaphragm  flattens  and  lowers  by  contrac- 
tion of  its  fibers,  making  the  thoracic  cavity  longer.  At  the  same  time, 
the  external  intercostals  contract  and  pull  the  ribs  upward,  the  sternum 
pushes  forward,  and  the  lateral  diameter  of  the  chest  cavity  is  thus 
increased.  These  movements  result  in  an  enlargement  of  the  chest 
cavity,  decreasing  the  air  pressure  in  the  lungs  and  permitting  air  to 
move  rapidly  into  the  lungs.  The  lungs  themselves  play  no  active 
part  in  this  process.  They  are  simply  elastic  bags  which  follow  the 
movements  of  the  thoracic  walls. 

Expiration  of  air  is  usually  a  passive  process  although  it  may  be 
active  during  a  forced  expiration.  Most  often,  expiration  occurs  due 
to  a  relaxation  of  the  diaphragm  and  the  external  intercostals.  The 
chest  cavity  capacity  is  thus  reduced,  and  the  air  is  forced  outward. 
During  a  forced  expiration,  the  diaphragm  moves  upward  due  to  the 
contraction  of  the  muscles  of  the  abdominal  wall,  and  the  internal 
intercostals  pull  the  sternum  down  and  in  and  also  pull  the  ribs  down. 
These  two  actions  combine  to  reduce  the  size  of  the  thoracic  cavity. 

Physical  measurements  of  air  pressures  within  the  lungs  demonstrate 
that  this  interpretation  of  the  mechanics  of  respiration  is  correct.  At  sea 
level,  air  pressure  is  ordinarily  760  mm.  of  mercury.  At  the  end  of 
an  inspiration,  the  pressure  within  the  lungs  is  751  mm.,  sufficient  to 
cause  air  to  move  inward ;  at  the  end  of  expiration,  the  air  pressure 
within  the  lungs  is  754  mm.  This  is  a  difference  of  but  3  mm.  of 
pressure,  and  is  typical  of  quiet  breathing.  During  forced  inspiration, 
the  pressure  within  the  lungs  may  fall  from  5  to  10  mm. 

The  air  as  it  is  expired  has  the  percentages  of  the  various  gases 
different  from  those  of  inspired  air.  The  nitrogen  remains  the  same 
(78  per  cent),  but  the  oxygen  forms  but  16  per  cent  and  the  carbon 
dioxide  rises  to  4  per  cent  from  0.04  per  cent.  Expired  air  usually 
has  a  higher  content  of  water  vapor  than  does  inspired  air. 

Control  of  Rate  of  Respiration. — The  rate  of  respiration  is  con- 
trolled by  chemical  and  nervous  means.  Both  the  intercostal  muscles 
and  the  diaphragm  are  innervated  by  nerves  from  the  central  nervous 
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system.  Normally  both  contract  and  relax  at  a  regular  rate.  Unlike 
heart  muscle,  however,  this  contraction  is  not  an  inherent  property  of  the 
muscle,  for  it  ceases  if  the  nerves  are  cut.  Adult  human  beings  when 
at  rest  have  a  respiratory  rate  of  from  14  to  20  per  minute.  This  rate 
is  increased  during  muscular  exertion,  and  varies  with  the  age  and  con- 
dition of  health  of  the  individual. 

During  exercise,  there  is  a  marked  increase  in  the  respiratory 
rate.  This  is  due  to  the  increase  of  the  carbon  dioxide  concentration 
in  the  blood.  This  acts  as  a  stimulus  to  the  respiratory  center  of  the 
brain,  which  in  turn  causes  an  increase  in  the  rate.  Experimentally  it 
has  been  shown  beyond  question  that  the  rate  of  respiration  is  correlated 
with  the  amount  of  carbon  dioxide  in  the  blood.  Without  carbon 
dioxide,  respiration  would  cease  for  it  is  the  stimulus.  Respiration 
can  be  voluntarily  stopped  for  short  periods,  but  as  carbon  dioxide 
accumulates  in  the  blood,  respiration  automatically  begins. 

Capacity  of  the  Lungs. — Immediately  after  birth,  the  lungs  are 
filled  with  air.  After  that  time,  they  are  never  completely  emptied. 
The  amount  of  air  which  the  lungs  can  hold  varies  from  individual  to 
individual  and  is  known  as  the  vital  capacity. 

During  normal  respirations,  the  amount  of  air  exchanged  is  about 
500  c.c.  This  is  the  tidal  air.  It  is  possible  by  means  of  a  forced  in- 
spiration to  increase  the  amount  of  inspired  air  by  about  1,600  c.c. 
This  has  been  called  complemental  air.  A  forced  expiration  after  a 
normal  inspiration  reveals  that  at  least  1,600  c.c.  more  of  air  is  present 
in  the  lungs.  This  is  the  supplemental  air.  The  total  of  these  three 
forms  the  vital  capacity. 

Complemental  air  1,600  c.c. 

Tidal  air  500  c.c. 

Supplemental  air  1,600  c.c. 

Vital  capacity  3,700  c.c. 

Within  the  alveoli  there  is  always  some  air  which  cannot  be  forced 
out.  This  is  about  1,000  c.c,  and  is  known  as  the  residual  air.  Of 
course,  the  molecules  of  this  residual  air  are  not  always  the  same  as 
there  is  some  mixing  with  the  inspired  air. 

Second  Wind. — During  prolonged  exercise,  the  feeling  of  distress 
and  breathlessness  gradually  disappear.  This  is  due  to  the  so-called 
second  tvind,  which  is  actually  an  adjustment  on  the  part  of  the  cir- 
culatory and  respiratory  systems  to  the  increased  demands  of  the  active 
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muscles.  This  apparently  results  in  increased  efficiency  in  the  removal 
of  waste  products  from  the  muscles,  and  in  an  increase  in  the  supply 
of  available  oxygen.  It  occurs  more  rapidly  in  the  trained  than  in  the 
untrained  individual. 

Effects  of  Altitude. — It  is  a  well-known  fact  that  upon  first  going 
to  a  higher  altitude,  a  feeling  of  distress  is  experienced.  If  the  individual 
remains  at  this  altitude  for  a  period  of  time,  this  sensation  of  breathless- 
ness  gradually  disappears. 

This  response  is  due  to  the  fact  that  the  air  pressure  is  greatly 
reduced  at  high  altitudes,  and  the  amount  of  oxygen  available  to  the  cells 
is  reduced.  Acclimatization  is  due  to  certain  physiological  responses 
on  the  part  of  the  individual.  One  very  important  factor  is  the  increase 
in  the  number  of  the  red  blood  cells  for  transporting  the  available  oxygen ; 
another,  in  the  actual  increase  in  lung  ventilation. 

This  problem  of  the  efifect  of  higher  altitudes  has  become  of  im- 
portance in  our  modern  air  age.  At  altitudes  above  12,000  feet,  symp- 
toms of  distress  are  noted  in  the  unadapted  individual.  At  25,000  feet 
consciousness  is  lost.  As  planes  fly  at  higher  altitudes,  these  problems 
become  increasingly  important  in  aviation  engineering.  The  use  of 
pressurized  cabins  and  oxygen  masks  have  made  possible  flying  at  these 
high  altitudes. 

Basal  Metabolism. — The  sum  total  of  life  process  involving  the 
use  of  food  for  energy  and  repair  is  known  as  metabolism.  The 
rate  of  metabolism  is  dependent  upon  such  things  as  physical  exercise, 
amount  of  food  eaten,  and  exposure  to  cold.  This  rate  can  be  measured 
by  measuring  the  amount  of  oxygen  consumed  in  a  given  length  of  time. 
If  this  measurement  is  made  when  the  individual  is  at  rest  and  has  not 
eaten  for  several  hours,  it  is  known  as  the  basal  metabolic  rate.  This 
rate  is  important,  for  it  is  indicative  of  the  state  of  health  of  the  individual. 

Some  Respiratory  Modifications. — Sneezing,  yawning,  coughing, 
hiccuping,  and  snoring  are  recognized  as  unusual  aspects  of  respiration. 
Coughing  and  sneezing  result  from  local  irritations  of  the  linings  of 
the  respiratory  passages.  They  are  useful  for  expelling  unwanted  ma- 
terials. They  result  when  the  pressure  within  the  lungs  is  elevated  due  to 
the  closing  of  the  glottis,  and  the  air  thus  enclosed  in  the  lungs  is 
suddenly  forced  out.  If  the  air  is  expelled  through  the  mouth,  it  is  a 
cough ;  if  through  the  nose,  a  sneeze. 

A  hiccup  results  when  the  diaphragm  contracts  spasmodically.  The 
resulting  inspiration  is  cut  short  by  a  rapid  closing  of  the  glottis.     Snor- 
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ing  occurs  when  the  soft  palate  vibrates  due  to  the  individual's  respiring 
through  the  mouth.  Yawning  is  a  phenomenon  which  has  neither  ex- 
planation nor  known  cause,  except  possibly  a  dull  lecture  or  book. 
Perhaps  it  is  a  useful  survival  mechanism ! 

Colds  and  Coughs. — The  respiratory  tract  is  in  close  contact  with 
the  outside  environment;  hence  is  subject  to  inflammations  and  irrita- 
tions. In  our  temperate  climates  where  the  temperature  changes  are 
abrupt,  colds  are  a  frequent  nusiance.  These  cause  irritation  and  ex- 
cessive secretion  by  the  mucous  membranes  of  the  nasal  passages  and 
sinuses.  Bacteria  that  may  enter  with  the  air  can  cause  inflammation 
of  various  parts  of  the  respiratory  passageways,  such  as  bronchitis 
(inflammation  of  the  bronchiole  tubes),  or  even  of  the  lungs  themselves. 
This  latter  may  result  in  infections  such  as  pneumonia  in  which  fluids 
often  accumulate  in  the  alveoli,  or  in  tuberculosis,  an  infectious  disease, 
characterized  by  the  formation  of  tubercles  in  the  lung  tissues. 


CHAPTER  10 

THE  CIRCULATORY  SYSTEM 


The  food  that  is  digested  by  the  digestive  system  and  the  oxygen 
that  is  taken  in  by  the  respiratory  system  are  of  no  vahie  to  the  organ- 
ism until  they  are  made  available  to  the  cells.  The  distribution  of  these 
materials  is  taken  care  of  by  the  circulatory  system  which  has  often 
been  termed  the  "middleman"  of  the  body.  In  many  respects  this  is 
an  apt  comparison,  for  materials  are  moved  from  their  points  of  origin 
to  areas  where  they  are  needed ;  waste  materials  are  taken  to  disposal 
points ;  and  a  constant  internal  environment  is  maintained. 

The  problem  of  distribution  within  the  body  is  a  simple  matter 
among  the  smaller  invertebrates.  Here  the  various  materials  can  dif- 
fuse in  and  out  across  cell  membranes  and  no  specialized  structures  are 
needed.  Within  the  cell,  the  circulating  cytoplasm  is  an  adequate 
means  of  distribution ;  however,  larger  and  more  complex  animals 
need  specialized  distribution  channels  to  take  care  of  the  cells  which 
are  not  in  immediate  or  near  contact  with  the  outer  environment. 

Among  the  coelenterates  and  some  worms,  a  central  cavity  serves 
both  for  digestion  and  circulation.  A  separate  circulatory  system  is 
first  seen  in  the  earthworm.  Here  there  are  distinct  blood  vessels  as 
well  as  a  special  mechanism  for  pumping  the  blood.  Many  other  in- 
vertebrates have  a  similar  closed  type  of  circulatory  system,  that  is, 
the  blood  circulates  in  closed  vessels.  Others  such  as  the  insects  have 
an  open  circulatory  system,  that  is,  the  blood  circulates  in  body  spaces 
and  is  not  confined  to  closed  vessels.  Vertebrates,  with  their  complex 
arrangement  of  blood  vessels,  have  a  closed  circulatory  system. 

Essentially,  then,  a  circulatory  system  must  have  at  least  three 
main  features :  a  central  pumping  mechanism,  some  sort  of  channels 
for  the  circulating  medium,   and,   last,   the   circulating   medium    itself. 

159 
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THE  FUNCTIONS  OF  THE  CIRCULATORY  SYSTEM 

The  circulatory  system  has  many  important  functions  which  may 
vary  somewhat  according  to  the  needs  of  the  different  animals.  In 
general,  the  functions  can  be  summarized  as  follows : 

1.  Distribution.  The  distribution  of  innumerable  materials  to 
points  where  they  are  needed  is  an  extremely  important  function. 
Digested  food  is  taken  from  the  digestive  tract  for  use  by  the  cells, 
oxygen  is  removed  from  the  lungs  to  help  oxidize  this  food,  waste 
products  are  transported  for  disposal,  the  secretions  of  the  endocrine 
glands  are  carried  from  their  points  of  origin,  and  the  various  protec- 
tive materials  of  the  blood  are  taken  to  sites  where  they  are  most 
needed. 

2.  Maintenance  of  a  Constant  Internal  Environment.  If 
the  cells  of  the  organism  are  to  function  efificiently,  they  must  be  in  an 
environment  of  a  constant  quality ;  that  is,  the  osmotic  pressure,  the  salt 
and  sugar  content,  and,  in  many  animals,  the  temperature  must  always 
be  the  same.  The  blood  performs  this  important  function  by  its  ability 
to  bring  in  and  remove  materials.  The  circulatory  system  is  aided 
in  this  by  the  kidneys. 

3.  Defense  Against  Disease.  The  white  blood  cells  or  leuco- 
cytes are  able  to  destroy  infective  bacterial  cells  which  in  some  way  may 
have  gained  entrance  to  the  body.  After  many  infectious  diseases, 
special  protective  bodies,  antibodies,  are  produced  by  the  body.  These 
are  in  the  blood  at  all  times  and  prevent  recurrence  of  these  diseases. 

4.  Temperature  Regulation.  The  heat  produced  by  the  oxi- 
dation of  foods  within  the  cells  must  be  dispersed  in  some  way.  This 
too  is  accomplished  by  the  circulatory  system.  The  heat  is  transferred 
to  the  body  surface  and  lost.  This,  of  course,  is  of  greater  importance 
in  the  homoiothermic  animals  than  in  the  poikilothermic  forms. 

5.  Acid-Base  Balance.  Within  the  blood  are  chemicals  known 
as  buyers.  The  chief  of  these  in  mammals  is  NaHCOs,  sodium  bi- 
carbonate. A  buffer  is  of  great  service  due  to  the  fact  that  it  can 
neutralize  either  acids  or  bases,  thus  maintaining  the  pH  (hydrogen 
ion  concentration)  of  the  blood  at  a  constant  level.  The  blood  is  aided 
in  this  important  function  by  the  lungs  which  eliminate  carbon  dioxide, 
CO2.  COi;  is  carried  in  the  blood  as  the  weak  acid,  carbonic  acid 
H2CO3,  which  can  easily  dissociate  to  form  water  and  carbon  dioxide 
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(H2O  and  CO=).  The  kidneys  also  help  this  function  by  eliminating  ex- 
cess acids  or  alkaline  salts.  Thus  the  acid-base  balance  of  the  blood 
and  body  is  stable  at  all  times. 

THE  ANATOMY  OF  THE  VERTEBRATE  CIRCULATORY 
SYSTEM 

For  the  carrying  out  of  its  many  functions,  the  vertebrate  circula- 
tory system  consists  of  several  essential  parts.  These  are  the  central 
pumping  mechanism,  the  heart;  the  blood  vessels  which  carry  blood 
away  from  the  heart,  the  arteries;  and  those  which  carry  the  blood 
toward  the  heart,  the  veins;  and  finally  the  small  vessels  which  con- 
nect the  veins  and  arteries,  the  capillaries. 

The  Heart. — The  heart  is  basically  a  series  of  muscular  enlarge- 
ments of  a  main  blood  vessel,  which  have  become  variously  modified. 
(Fig.  47)  Among  the  fish  there  are  four  main  chambers:  the  sinus 
venosus,  a  thin-walled  sac  for  receiving  venous  blood ;  the  atrium  or 
auricle,  also  a  thin-walled  sac ;  the  muscular  ventricle  which  is  the 
contractile  portion;  and  the  conus  arteriosus  which  carries  the  blood 
forward  to  the  gills  for  oxygenation.  From  the  gills  the  blood  circu- 
lates to  the  body.  At  this  stage,  there  is  but  one  auricle  and  one  ven- 
tricle, and  all  the  blood  is  unoxygenated  as  it  passes  through  the  heart. 

The  heart  of  the  amphibians  is  modified  from  this  basic  structure, 
a  change  which  is  correlated  with  terrestrial  life  and  the  development 
of  lungs  of  many  of  these  forms.  It  is  advantageous  to  keep  the  oxy- 
genated and  unoxygenated  blood  as  separate  as  possible,  and  a  second 
shorter  route  to  the  lungs  is  established.  The  blood  is  returned  to  the 
heart  after  being  oxygenated  in  the  lungs.  This  makes  two  separate  cir- 
cuits :  the  pulmonary,  to  and  from  the  lungs,  and  the  systemic,  to  and 
from  the  body.  The  auricle  in  the  amphibians  is  divided  into  a  right 
and  left  chamber  by  a  median  septum.  The  sinus  venosus,  which  re- 
ceives blood  from  the  systemic  circulation,  opens  into  the  right  auricle. 
The  left  auricle  receives  the  blood  from  the  lungs.  Both  of  the 
auricles,  however,  open  into  the  single  ventricle.  The  conus  or  truncus 
arteriosus  has  separate  branches  going  to  the  lungs,  skin,  and  body. 
Separation  of  the  oxygenated  from  the  unoxygenated  blood  is  made  pos- 
sible by  the  spongy  nature  of  the  ventricle,  by  a  special  valve  in  the 
conus  arteriosus,  and  by  the  timing  of  the  entrance  of  the  blood  into 
the  ventricle  from  the  two  auricles. 


162         The   Vertebrate  Organ  Systems 

Efficient  as  this  system  may  seem,  it  is  hardly  sufficient  for  active 
vertebrates  such  as  the  reptiles  and  the  homoiothermic  birds  and  mam- 
mals. In  the  reptiles  further  improvement  is  seen  in  the  beginning  of 
a  ventricular  septum  which  ensures  better  separation  of  oxygenated  and 
unoxygenated  blood.  The  conus  arteriosus  splits  near  its  base  into 
the  pulmonary  artery  and  the  dorsal  aorta,  and  the  sinus  venosus  be- 
comes a  part  of  the  wall  of  the  right  auricle. 

In  the  birds  and  mammals,  there  is  a  complete  separation  of  the 
ventricle  into  the  right  and  left  halves,  and  the  blood  from  the  right 
side  of  the  heart  cannot  pass  to  the  left  except  by  taking  a  circuit 
through  the  lungs.    Thus  mixing  in  the  heart  is  now  impossible. 
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Fig.   46. — The  mammalian  heart. 


The  four-chambered  mammalian  heart  (Figs.  46  and  47)  is  lo- 
cated in  the  mcdiastini(m  of  the  chest  cavity  and  is  surrounded  by  its 
own  protective  membrane,  the  pericardium.  The  auricles  are  thin- 
walled  sacs  which  receive  the  blood  coming  into  the  heart.  They  act 
as  temporary  retention  chambers  which  are  used  only  until  the  blood 
can  enter  the  ventricles.    The  heavy-walled  muscular  ventricles  are  the 
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pumping  mechanisms  which  force  the  blood  through  its  circuits.  The 
left  ventricle  has  a  much  heavier  wall  than  does  the  right,  a  differ- 
ence which  is  correlated  with  the  fact  that  the  left  ventricle  pumps 
the  blood  through  the  longer  systemic  circuit.  The  right  ventricle 
pumps  the  blood  through  the  much  shorter  pulmonary  circuit. 

In  the  adult  mammal,  the  right  and  left  sides  of  the  heart  are  com- 
pletely separated;  in  the  fetus  (the  unborn  young)  there  is  a  passage- 
way between  the  two  ventricles.  This  opening,  the  joramen  ovale, 
closes  soon  after  birth.  As  the  lungs  are  not  functional  until  birth,  it 
is  not  important  for  all  the  blood  to  pass  through  the  pulmonary  cir- 
cuit. This  opening  allows  a  large  portion  of  the  blood  to  by-pass  this 
circuit. 

The  auricles  and  ventricles  of  each  side  of  the  heart  are  separated 
from  one  another  by  elastic  flaps,  the  auricular-ventricular  valves.  The 
valve  on  the  right  side  of  the  heart,  the  tricuspid,  has  three  flaps ;  that 
on  the  left,  the  bicuspid  or  mitral,  has  two  flaps.  Attached  to  the  flaps 
are  special  fibrous  cords,  the  chordae  tendineae,  which  in  turn  are  con- 
tinuous with  special  muscles,  the  papillary  muscles  of  the  ventricular 
wall.  During  relaxation  of  the  ventricles,  the  flaps  point  downward 
and  allow  the  passage  of  the  blood  from  the  auricles.  When  the 
ventricles  contract,  the  back  pressure  of  the  blood  pushes  against  the 
valves,  forcing  them  shut.  The  flaps  of  the  valves  close  tightly  against 
one  another,  forming  a  complete  separation  of  the  two  chambers.  The 
flaps  are  prevented  from  bulging  back  into  the  auricle  by  the  chordae 
tendineae,  which  are  kept  taut  by  the  contraction  of  the  papillary  mus- 
cles. 

When  blood  leaves  the  ventricles  and  goes  into  either  the  pul- 
monary or  main  systemic  artery  (the  aorta),  its  backflow  into  the  ven- 
tricles is  prevented  by  another  series  of  valves.  These  valves  are  lo- 
cated at  the  base  of  each  of  these  arteries  and  consist  of  three  half-moon- 
shaped  pockets,  the  semilunar  valves.  The  edges  of  these  valves  project 
into  the  lumen  of  the  arteries  and  allow  the  free  forward  flow 
of  the  blood.  When  the  ventricle  contracts,  these  flaps  separate 
and  the  blood  passes  forward ;  then  when  the  ventricle  relaxes,  the  back 
pressure  of  the  blood  in  these  pockets  brings  the  edges  together  and 
prevents  any  backward  flow. 

The  Path  of  the  Blood  Through  the  Heart. — Blood  arriving 
at  the  heart  from  the  systemic  circulation  first  enters  the  right  auricle 
through  either  the  post-  or  precavat  vein.     This  blood  is  low  in  oxy- 
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gen  and  rich  in  carbon  dioxide.  From  the  right  anricle,  it  passes  into 
the  right  ventricle  through  the  opening  which  is  guarded  by  the  tri- 
cuspid valve.  The  contraction  of  the  right  ventricle  forces  the  blood 
out  through  the  pidmotiayy  artery  and  to  the  lungs.  Close  to  the 
heart,  the  pulmonary  artery  branches  into  two  smaller  arteries,  one  of 
which  goes  to  each  lung.  In  the  lungs  these  arteries  break  into  the  pul- 
monary capillaries  and  the  gaseous  exchange  takes  place.  These  capil- 
laries gradually  join  to  form  the  pulmonary  veins  which  return  the 
oxygenated  blood  to  the  left  auricle.  This  is  the  only  vein  in  the  body 
that  carries  oxygenated  blood ;  the  ])ulmonary  artery  is  the  only  artery 
that  carries  unoxygenated  blood. 

The  pulmonary  veins  empty  the  blood  into  the  left  auricle,  and  the 
blood  then  passes  through  the  opening  guarded  by  the  bicuspid  valve 
into  the  left  ventricle.  The  contraction  of  this  ventricle  forces  the  blood 
into  the  aorta,  and  into  the  systemic  circulation. 

In  the  adult  mammal,  there  are  two  completely  separate  circuits 
for  the  blood  to  follow  in  its  covu^se  through  the  body.  Before  birth, 
the  pulmonary  circuit  is  of  little  value,  for  oxygenation  of  blood  occurs 
in  the  fetal  connection  to  the  mother,  the  placenta.  Therefore  it  is  of 
some  advantage  in  the  fetus  for  the  blood  to  short-circuit  this  system. 
One  by-pass  arrangement,  pointed  out  above,  is  the  foramen  ovale ;  an- 
other is  the  ductus  arteriosus,  which  connects  the  pulmonary  artery 
with  the  aorta.  Blood  passes  from  the  pulmonary  artery  into  the  aorta 
instead  of  to  the  lungs.  Both  of  these  by-passes  cease  functioning  shortly 
after  birth.  If  either  or  both  fail  to  close,  the  child  has  an  impaired 
oxygen  supply. 

The  Aortic  Arches.- — Soon  after  the  aorta  leaves  the  heart  it 
bends  sharply  to  the  left  in  human  beings  to  form  the  dorsal  aorta. 
In  birds,  the  arch  is  to  the  right.  This  variation  in  direction  of  aortic 
arching  is  easily  understood  when  the  evolutionary  history  of  the  aorta 
is  studied.    (Fig.  47.) 

In  the  fish,  the  ventral  aorta  rises  from  the  conns  arteriosus  and 
carries  the  blood  forward.  Branches  or  arches  from  the  aorta  carry 
the  blood  to  each  of  the  gills.  Within  the  gills,  the  arches  break  into 
numerous  capillaries  which  then  anastomose  to  form  the  remainder  of 
the  arches,  and  finally  the  dorsal  aorta.  In  the  primitive  condition,  it 
is  believed  that  there  were  six  pairs  of  these  arches ;  however,  there  are 
no  modern  animals  with  this  condition.  The  shark,  for  example,  has 
but  five  pairs  of  arches. 
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Fig.  47.— Diagrams  illustrating  the   evolution   of  the   aortic   arches   and   hearts   of 
vertebrates.     Vessels  that  have  disappeared  are  shown  as  dotted  lines. 
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With  the  loss  of  gill  respiration,  the  need  for  these  numerous 
arches  disappeared.  In  typical  economical  manner,  the  elements  of  the 
arches  were  not  completely  discarded;  rather  they  were  converted  to 
new  uses.  In  many  amphibians,  for  example,  the  third  arch  is  trans- 
formed into  the  carotid  artery  for  carrying  blood  forward  to  the  head 
region,  and  the  first  two  arches  are  completely  gone.  In  salamanders 
the  fourth  and  fifth  arches  form  the  systemic  arches,  that  is,  they  join 
after  leaving  the  heart  to  form  the  dorsal  aorta.  Among  the  frogs  and 
toads,  only  the  fourth  arch  forms  the  systemic  arches.  The  sixth  arch 
becomes  the  pulmonary  artery. 

In  reptiles,  the  fifth  arch  disappears,  and  only  the  fourth  remains 
as  the  aortic  arch.  This  loss  of  parts  is  carried  to  the  extreme  in  birds 
and  mammals  where  but  one-half  of  the  fourth  arch  remains — the  left 
in  mammals  and  the  right  in  birds.  The  sixth  remains  as  the  pul- 
monary artery  in  both,  and  the  third  continues  to  function  as  the 
carotid. 

In  the  mammalian  embryo,  all  these  arches  develop  and  gradually 
transform  into  the  adult  condition.  The  ductus  arteriosus  of  the  fetus 
actually  is  a  remnant  of  the  former  connection  of  the  sixth  arch  to  the 
aorta. 

The  Pulmonary  Circuit. — The  chief  large  blood  vessel  of  this 
circuit  is  the  pulmonary  artery  which  arises  from  the  right  ventricle. 
It  bifurcates,  shortly  after  leaving  the  heart,  into  the  right  and  left 
pulmonaries.  Within  the  lung,  these  arteries  break  into  numerous 
arterioles  and  finally  into  the  small  capillaries  which  form  part  of  the  al- 
veolar walls.  These  capillaries  gradually  anastomose  into  the  venuoles 
and  veins  which  ultimately  form  the  pulmonary  veins  which  return  the 
blood  to  the  left  auricle.  In  the  human  being,  there  are  four  of  these 
veins,  two  from  each  lung. 

The  Systemic  Arterial  System. — In  the  mammal  (Fig.  48),  the 
principal  artery  of  the  systemic  division  is  the  aorta.  It  leaves  the  left 
ventricle  and  turns  sharply  dorsad  and  to  the  left,  making  the  large 
aortic  arch.  At  its  base,  the  coronary  arteries  which  supply  the  heart 
muscle  arise.  From  this  arch,  three  principal  vessels  originate.  The 
first  of  these  three  is  the  innominate  artery  which  soon  branches  into  a 
right  subclavian  going  to  the  arm  and  shoulder  and  the  right  common 
carotid  supplying  the  head.  The  middle  one  of  the  three  arteries  is  the 
left  common  carotid  which  supplies  the  left  side  of  the  neck  and  head. 
The  last  of  these  three  branches  is  the  left  subclavian  which  goes  to 
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the  left  shoulder  and  arm.  This  is  the  condition  that  occurs  in  the 
human  being  and  in  many  other  mammals,  including  the  rat.  In  other 
mammals,  the  cat  for  example,  only  two  vessels  leave  the  arch.  These 
are  the  right  and  left  innominates,  each  of  which  gives  rise  to  a  com- 
mon carotid  and  a  subclavian. 


mCHT  COMMON  CAROTia 


RIGHT  SUBCLAVIAN 


LEFT   COMMON    CAROTID 

AORTIC  ARCH 
PULMONARY 

INTERCOSTAL 


DIAPHRAGM 


LEFT     GASTRIC 

SPLENIC 

SPLEEN 

PANCREAS 


INFERIOR    MESENTERIC 


LEFT  COMMON    ILIAC 


Fig.  48. — Diagram  of  the  arterial  circulation  of  a  mammal. 


Once  the  aorta  has  bent  to  the  left,  it  follows  a  straight  pathway 
along  the  dorsal  midline  of  the  body.  It  penetrates  the  dorsal  portion 
of  the  diaphragm  muscle  and  enters  the  abdominal  cavity.  At  its  pos- 
terior end  it  breaks  into  two  vessels,  the  common  iliacs,  one  of  which 
goes  to  each  leg.  In  animals  with  tails,  the  prominent  caudal  arises  in 
the  region  of  the  common  iliacs.     Its  exact  position  varies. 

Along  the  length  of  the  dorsal  aorta,  subbranches  are  given  off 
to  the  various  organs.  In  the  thoracic  cavity,  intercostal  arteries  arise 
to  supply  the  segmental  muscles  between  the  ribs.     Esophageal  arteries 
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supply  the  esophagus,  and  the  phrenic  artery  suppHes  the  diaphragm. 
In  the  abdominal  cavity,  the  first  vessel  to  arise  is  the  coeliac  which 
supplies  the  liver,  spleen,  and  stomach.  Another,  the  superior  mesen- 
teric, breaks  into  many  branches  to  supply  the  upper  part  of  the  di- 
gestive tract,  while  more  posterior,  the  inferior  mesenteric  supplies  the 
lower  part  of  the  digestive  tract.  Between  these  two  vessels,  others 
arise,  including  the  large  renal  arteries  which  supply  the  kidneys,  the 
smaller  adrenals  for  the  adrenal  glands,  and  the  gonadals  to  the  ovaries 
or  testes.  The  large  iliolmnbar  arteries  supply  the  muscles  of  the  lum- 
bar region.  All  these  arteries  branch  into  arterioles  which  divide  and 
subdivide  to  become  capillaries.  The  actual  exchange  of  oxygen,  car- 
bon dioxide,  foods,  etc.,  probably  occurs  through  the  thin  walls  of 
the  capillaries.  Gradually  the  (;apillaries  unite  to  form  the  venuoles 
which  further  unite  to  form  the  veins. 

The  Systemic  Venous  System. — In  man  and  many  other  mam- 
mals (Fig.  49),  the  blood  from  the  anterior  part  of  the  body  is  re- 
turned to  the  right  auricle  of  the  heart  by  the  precaval  vein.  This  is 
formed  in  the  neck  region  by  the  junction  of  the  right  and  left  in- 
nominates.  Each  of  these  latter  is  formed  by  the  union  of  the  several 
jugulars  and  the  subclavian.  The  blood  from  the  chest  and  arms  enters 
the  paired  subclavians  through  several  vessels.  An  unpaired  vein,  the 
asygos,  picks  up  the  blood  from  the  intercostal  veins  and  empties  it 
into  the  precaval. 

The  blood  from  the  region  posterior  to  the  heart  enters  through 
the  postcaval  vein.  This  median  vein  is  in  the  dorsal  portion  of  the 
body  cavity,  penetrating  the  diaphragm  in  the  same  region  as  the  aorta. 
Along  its  way,  it  picks  up  tributary  veins  which  drain  blood  from  the 
various  organs.  Some  of  these  veins  include  the  phrenic  vein  from 
the  diaphragm,  the  hepatic  vein  from  the  liver,  the  renal  veins  from  the 
kidney,  the  gonadal  veins  from  the  gonads,  and  the  iliolnmbars 
from  the  lumbar  muscles.  At  its  posterior  end,  the  postcaval  is  formed 
by  the  union  of  the  two  common  iliac  veins  which  drain  the  legs.  In 
some  animals,  the  prominent  caudal  vein  is  also  present  in  this  region. 

Hepatic  Portal  System. — One  division  of  the  systemic  veins  drains 
the  digestive  tract  and  associated  organs.  This  is  the  hepatic  portal 
system,  and  it  is  the  only  division  of  the  circulatory  system  that  begins 
and  ends  in  capillaries.  These  capillaries  begin  in  the  walls  of  the  di- 
gestive tract.  They  unite  to  form  several  diliferent  veins,  including  the 
superior  and  inferior  mesenteries,  the  gastroepiploic,  the  splenic,  and 
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others,  which  in  turn  join  to  form  the  large  portal  vein.     This  latter 

vein  enters  the  liver,  and  breaks  into  capillaries.     The  hepatic  capil- 
laries unite  to  form  the  hepatic  vein  which  enters  the  postcaval. 


ANTCRIOB  JUGULAR. 


INTERNAL    JUGULAR 


EXTERNAL  JUGULAR. 


INNOMINATE 

RIGHT    LYMPHATIC 
OUCT 


PRECAVML 
AZYGOUS 


LEFT    THORACIC 
DUCT 


PULMONARY 


POST  Cm/AL 


GASTROEPIPLOIC 


INFERIOR    MESENTERIC 


ADRENAL 
DESCENDING  COLON 

.GENITAL 


ASCENDING  COLON. 


RIGHT  COMMON    ILIAC 


LEFT  COMMON  ILIAC 


Fig.  49. — Diagram  of  the  venous  circulation  of  a  mammal. 


The  Histology  of  the  Blood  Vessels. — The  wall  of  a  large  artery 
(Fig.  50)  is  composed  of  three  distinct  layers.  The  innermost  of  these, 
the  tunica  intima,  is  formed  of  several  different  tissues.  That  portion 
of  the  intima  which  lines  the  vessel  is  a  special  type  of  epithelium  termed 
endothelium.  It  is  but  a  single  layer  of  thin  cells  which  are  continu- 
ous with  one  another,  forming  a  smooth  lining.  Beneath  the  en- 
dothelium is  a  mass  of  fibrous  connective  tissue  which  merges  into  the 
second  layer,  the  tunica  media.  This  middle  layer  is  formed  chiefly 
of  elastic  connective  tissue  and  muscular  fibers.     In  the  larger  vessels, 
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the  muscle  is  often  arranged  into  two  layers,  a  circular  one  and  a  longi- 
tudinal one.  The  outermost  layer  of  the  blood  vessel  is  the  tunica 
adventitia,  which  is  formed  of  connective  tissue.  This  tissue  has  a 
gradual  transition  into  the  connective  tissue  cells  that  surround  the 
blood  vessel. 

In  general,  the  structure  of  the  walls  of  the  veins  (Fig.  50)  is 
similar  to  that  of  the  arteries,  but  there  is  less  muscle  and  elastic  tissue 
in  proportion  to  the  amount  of  other  connective  tissue.  Veins  and 
arteries  are  easily  distinguished  by  the  difference  in  the  thickness  of  the 
walls.  Due  to  the  fact  that  the  blood  flows  more  rapidly  and  under 
greater  pressure  in  the  arteries,  a  heavier  wall  is  needed  better  to  with- 
stand these  strains.  Usually,  also,  the  lumen  of  an  artery  is  smaller 
than  that  of  a  vein  of  similar  importance.  This  again  is  related  to  the 
greater  speed  of  flow. 
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ADVENTITIA 


ARTERY 
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Fig.  50. — Section  through  an  artery  and  vein. 


One  Other  important  difference  between  arteries  and  veins  is  the 
fact  that  veins  have  valves  (Fig.  51)  in  their  walls  to  prevent  the  back- 
flow  of  blood.  These  are  pocketlike  valves  which  allow  blood  to  flow 
freely  toward  the  heart,  but  prevent  its  backflow. 

The  work  of  the  blood  is  not  done  in  the  arteries  and  veins,  rather 
they  are  simply  passageways  to  the  small  capillaries  which  form  a  dense 
network  throughout  all  tissues.  The  walls  of  these  tiny  vessels  are 
composed  of  a  continuous  layer  of  endothelial  cells.  The  diameter  of 
the  vessels  is  so  small  (0.008  mm.)  that  the  blood  cells  must  go  through 
single  file.     This  may  be  easily  observed  in  the  webbing  of  the  frog's 
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foot.    These  walls  are  sufficient  to  retain  the  cells  inside  but  allow  gases, 
foods,  and  other  substances  to  diffuse  in  and  out. 

In  general,  the  connections  between  the  arteries  and  veins  are 
through  the  capillaries.  The  arteries  gradually  break  into  arterioles  and 
then  into  capillaries ;  the  larger  veins  are  formed  as  the  capillaries  com- 
bine first  into  venuoles  and  then  into  veins.  At  times,  there  are  larger 
connections  between  the  small  arteries  and  veins.  These  are  known  as 
anastomoses.  When  a  whole  network  of  blood  vessels  is  formed  by 
numerous  anastomoses,  a  plexus  results. 


B 


Fig.  51. — Valve  of  a  vein.     A,  Closed;  B,  open. 


THE  PHYSIOLOGY  OF  THE  CIRCULATORY  SYSTEM 

The  proper  functioning  of  the  circulatory  system  is  ultimately  de- 
pendent upon  the  heart.  By  its  pumping  action  it  forces  the  blood 
through  the  arteries  to  the  capillaries  where  the  work  of  the  blood 
takes  place.  From  the  capillaries,  the  blood  returns  through  the  veins 
to  the  heart  where  it  is  once  again  pumped  through  the  systemic  and 
pulmonary  circuits.  The  heart  is  a  muscular  pump  which  utilizes 
many  familiar  mechanical  principles  to  perform  its  essential  work. 

The  Heartbeat. — The  heartbeat  is  neither  initiated  nor  main- 
tained by  impulses  from  the  central  nervous  system.  The  heart  muscle 
itself  has  an  inherent  rhythmicity  and  automaticity  which  remains  even 
after  all  nerves  supplying  it  are  severed.  Even  isolated  bits  of  heart 
muscle  placed  in  the  proper  solution  will  contract  for  a  considerable 
period. 

The  real  cause  of  the  rhythmic  heartbeat  is  still  unknown,  but  it 
can  be  shown  that  it  originates  in  special  masses  of  tissue  known  as 
neuromuscular  tissue  which  is  unique  to  the  heart.  One  of  these  masses, 
the  sino-auricular  node  (the  "pacemaker")  is  located  in  the  wall  of  the 
right  auricle  near  the  point  where  the  precaval  enters.    The  name  sino- 
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auricular  refers  to  the  fact  that  this  mass  of  tissue  is  located  at  the  point 
where  the  sinus  venosus  has  become  incorporated  into  the  walls  of  the 
auricle  in  the  mammalian  heart.  The  second  node,  the  auricular-ventricu- 
lar node,  is  a  mass  of  tissue  located  in  the  lower  part  of  the  separation 
between  the  auricles  and  the  ventricles.  Fibers  from  this  latter  node 
pass  down  the  septum,  separating  the  two  ventricles,  then  separate  into 
a  left  and  right  branch  which  go  up  the  walls  of  the  heart,  gradually 
fusing  with  the  muscle.  The  fibers  of  the  sino-auricular  node  join  with 
the  muscles  of  the  auricle,  and  the  stimulus  from  this  node  causes  the 
contraction  of  the  auricular  muscle  tissue.  These  fibers  do  not  connect 
with  the  muscle  tissue  of  the  ventricle.  This  stimulus  also  affects  the 
auricular-ventricular  node,  and  in  turn  affects  the  muscular  contraction 
of  the  ventricular  tissue  by  means  of  the  fibers  extending  from  it.  There 
is  a  slight  delay  (0.15  second)  in  the  conduction  from  the  sino-auricular 
node  to  the  auricular-ventricular  node,  allowing  the  auricle  to  complete 
its  contraction  before  that  of  the  ventricle  begins. 

Careful  inspection  of  a  beating  heart  will  clearly  demonstrate  this 
orderly  sequence  of  events.  Contraction  or  systole  is  followed  by  a 
longer  period  of  relaxation  or  diastole.  Further  it  may  be  noted  that 
the  auricles  contract  slightly  in  advance  of  the  ventricles  and  that  the 
right  side  contracts  before  the  left.  A  heart  beating  at  about  the  rate 
of  70  times  per  minute  has  the  following  time  relationship : 

Auricular   systole  0.1  second 

Auricular  diastole  0.7  second 

Ventricular  systole  0.3  second 

Ventricular  diastole  0.5  second 

The  heart  rate  varies  with  a  great  number  of  factors  such  as  age, 
sex,  body  position,  exercise,  emotional  state,  etc.  Any  increase  must 
be  accomplished  at  the  expense  of  the  diastolic  phase  of  the  beat.  A 
prolonged  rapid  heartbeat  may  ultimately  injure  the  heart  muscle  as  suf- 
ficient time  is  not  given  for  rest  between  systoles. 

Heart  Sounds. — -The  openings  and  closings  of  the  two  main  pairs 
of  valves  is  in  synchronization  with  the  contraction  of  the  parts  of  the 
heart.  These  closings  produce  the  familiar  heart  sounds,  the  "lub-dub." 
The  first  heart  sound  occurs  when  the  auricular-ventricular  valves  snap 
shut.  At  this  time,  the  ventricles  are  contracting  and  the  semilunar 
valves  are  open.  The  second  heart  sound,  dub,  occurs  when  the  ven- 
tricle relaxes,  the  auricular-ventricular  valves  open,  and  the  semilunars 
snap  shut.    Injuries  to  the  valves  may  commonly  be  detected  by  irregu- 
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larities  in  these  sounds.  If  instead  of  sharp  snapping  sounds,  the  lub- 
dub  becomes  a  lubb-shhh,  it  is  apparent  that  the  valves  are  not  func- 
tioning correctly  and  that  blood  is  passing  back  through  them.  This 
is  known  as  a  heart  murmur,  and  is  due  to  injuries  of  the  heart  valves. 

Heart  Muscle  Activity. — Some  of  the  observable  differences  be- 
tween the  action  of  the  heart  muscle  and  that  of  other  body  muscles  can 
be  accounted  for  by  the  unusual  structure  of  the  heart  muscle  fibers. 
It  will  be  recalled  that  cardiac  muscle  (Fig.  34, A)  fibers  are  much 
branched  and  all  are  interconnected.  Unlike  skeletal  or  smooth  muscle, 
there  is  no  real  separation  between  the  individual  fibers.  Thus  impulses 
spread  rapidly  over  the  whole  system.  This  results  in  the  heart  as 
a  whole  obeying  the  all-or-none  laiv.  In  skeletal  muscle  the  individual 
fiber  obeyed  this  general  rule,  and  greater  strength  of  contraction 
of  a  muscle  resulted  from  increased  strength  of  stimulation.  This 
was  due  to  more  fibers  being  brought  into  play  and  the  phenomena  of 
summation  could  result.  Summation  cannot  occur  in  heart  muscle  as 
the  entire  heart  acts  as  if  it  were  but  a  single  muscle  iiber. 

Another  peculiarity  of  heart  muscle  is  its  possession  of  a  relatively 
long  refractory  period.  The  refractory  period  is  that  period  following 
a  muscular  contraction  when  the  muscle  fails  to  respond  to  a  second 
stimulus.  In  the  skeletal  muscle  of  the  frog,  this  is  about  0.005  second. 
The  refractory  period  of  heart  muscle  is  from  0.1  to  0.2  second,  just 
about  100  times  that  of  skeletal  muscle.  Due  to  this,  a  prolonged  stimu- 
lation of  heart  muscle  will  result  only  in  a  single  contraction  which  then 
becomes  ineffective  until  the  refractory  period  passes.  The  heart 
cannot  be  thrown  into  a  complete  contraction  or  tetanus.  Clearly,  if  the 
heart  were  completely  contracted  for  a  prolonged  period,  it  would  be 
ineffective  as  a  pumping  mechanism ;  hence  this  long  refractory  period 
has  a  definite  survival  value. 

From  the  above  information,  it  may  appear  that  the  strength  of 
contraction  of  the  heart  muscle  is  constant.  This,  however,  is  not  at 
all  true.  While  the  contraction  may  not  be  varied  by  summation,  its 
strength  is  affected  by  increased  load,  that  is,  increased  distention  of 
the  auricles  and  ventricles  stretches  the  muscle  fibers.  This  increased 
stretching  due  to  load  brings  about  increased  strength  of  contraction. 
This  phenomenon  was  also  noted  in  the  contraction  of  skeletal  muscle. 

Though  the  heartbeat  itself  is  intrinsic  in  the  muscle,  its  rate 
is  dependent  upon  other  factors.  There  are  two  types  of  nerves  supply- 
ing the  heart :    one  of  these  from  the  brain  inhibits,  the  other  from  the 
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region  of  the  spinal  cord  in  the  chest  accelerates.  The  action  of  these 
nerves  is  delicately  balanced,  and  results  in  very  accurate  control  of 
the  heart  rate.  These  nerves  regulate  the  heart  rate,  but  they  in  turn  are 
partially  controlled  by  certain  reflexes  (automatic  responses).  One  im- 
portant reflex  center  is  in  the  aorta.  When  this  artery  is  stretched  due 
to  increased  blood  volume,  it  results  in  a  stimulation  of  the  depressor 
center  in  the  brain,  and  then  in  a  decreased  heart  rate.  Within  the 
carotid  arteries  are  other  centers  which  act  in  a  similar  way.  Another 
reflex  which  originates  in  the  right  auricle  and  main  veins  emptying  into 
this  auricle  results  in  an  increased  heart  rate.  This  is  apparently  due 
to  stretching  of  the  fibers  of  these  structures.  Thus  exercise  which 
brings  about  an  increased  volume  of  blood  returning  to  the  heart  also 
causes  an  increase  in  heart  rate. 

Within  the  brain  itself,  the  nerve  center  may  indirectly  afifect  either 
the  inhibitory  or  excitatory  nerve  supply  of  the  heart.  Excitement,  for 
example,  will  increase  the  heart  rate ;  fear  may  slow  it. 

Certain  chemical  substances  also  affect  the  heart.  Within  the 
body,  the  hormones,  thyroxin  from  the  thyroid,  and  adrenaline  from 
the  adrenal  medulla  both  increase  heart  rate. 

The  heart  rate  also  varies  with  age  and  condition  of  health  of  the 
person.  It  usually  is  considered  that  about  72  per  minute  is  normal 
for  an  adult  human  being.  At  birth,  the  heart  beats  about  140  times 
a  minute,  in  young  adults  about  90,  and  in  older  persons  about  75. 
In  general,  very  small  mammals  have  a  much  higher  rate  than  do  large 
ones.  The  heart  of  an  elephant  beats  only  25  times  per  minute  while 
a  mouse's  contracts  about  700  times. 

In  poikilothermic  vertebrates,  the  heart  rate  is  affected  by  temper- 
ature changes.  Increased  temperatures  result  in  a  more  rapid  rate  while 
lowered  ones  result  in  a  decreased  rate. 

Blood  Pressure  and  Rate  of  Flow. — The  heart  is  constantly 
pumping  the  blood  against  the  resistance  offered  by  the  blood  vessels. 
This  resistance  is  least  in  the  large  vessels  and  greatest  in  the  capillary 
bed.  This  difference  is  correlated  with  the  enormous  increase  in  cross- 
sectional  area  provided  by  capillaries  over  that  of  the  arteries  which 
supply  them.  Thus  the  rate  of  flow  in  a  large  artery  may  be  as  much 
as  100  times  greater  than  that  in  a  capillary.  Some  typical  rates  of  flow 
in  human  beings  are  as  follows : 

Large  artery    (during  systole)  320  mm. /second 

Large  artery  (during  diastole)  150  mm./second 
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Medium-sized  artery  (during  systole)       250  mm./second 
Capillaries  0.5    mm./second 

Vein  (large  one)  100  mm./second 

This  difiference  in  rate  of  flow  is  inversely  proportional  to  the  total 
cross  section  of  the  vessels.  It  is  easily  noted  that  the  slow  rate  of 
flow  in  the  capillaries  facilitates  the  exchange  of  gases,  foods,  etc. 

The  flow  of  the  blood  back  toward  the  heart  through  the  veins  is 
made  possible  by  a  number  of  different  factors.  The  first  of  these  is 
that  the  numerous  capillaries  gradually  join  to  form  the  venuoles,  and 
a  slight  pressure  is  built  up  as  the  cross-sectional  area  of  the  vessels 
suddenly  decreases.  Back  flow  is  prevented  by  the  valves  in  the  walls. 
Muscular  movements  are  another  important  factor  in  maintaining  venous 
flow;  and  finally  there  is  the  fact  that  the  thoracic  cavity  has  a  slight 
negative  pressure  and  thus  actually  pulls  the  blood  toward  the  heart. 

A  complete  circuit  of  the  body  is  possible  in  one  minute  in  man. 
Of  course,  this  is  subject  to  variation,  depending  upon  the  point  to 
which  the  blood  goes.  Obviously  it  takes  longer  for  blood  to  go  to  and 
return  from  the  foot  than  to  take  a  round  trip  to  the  head  region. 

If  an  artery  is  cut,  the  blood  flows  out  in  spurts.  This  is  due  to  the 
difference  in  pressure  of  the  blood  during  systole  and  diastole  of  the 
heart.  A  comparative  constancy  of  flow  is  maintained  through  the 
arteries  by  the  elasticity  of  the  walls.  At  each  systole,  the  walls  expand 
slightly  taking  up  much  of  the  extra  push;  thus  the  blood  vessels  are 
not  emptied  between  systoles. 

The  pressure  of  the  blood  within  the  arteries  can  be  measured  in 
various  ways.  The  commonest  method  is  that  of  using  a  rubber  arm 
band  which  shuts  off  the  arm  artery  when  the  band  is  inflated.  The 
pressure  of  the  band  is  gradually  released,  and  the  point  at  which  the 
pressure  of  the  blood  is  sufficient  to  flow  through  is  noted.  A  typical 
blood  pressure  for  an  individual  of  about  20  is  120/80  mm.  of  mercury. 
The  120  refers  to  the  systolic  pressure,  the  80  to  the  diastolic  pressure. 
The  difference  between  these  two  is  the  pulse  pressure.  With  increasing 
age,  the  elasticity  of  the  arterial  walls  lessens,  thus  the  walls  offer  greater 
resistance  to  blood  flow.  In  such  a  person,  the  blood  pressure  usually 
rises,  and  often  there  is  danger  of  rupturing  the  small  vessels  and 
capillaries  in  the  brain. 
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THE  BLOOD 

In  most  many-celled  animals,  the  outer  surface  of  the  body  is  sub- 
jected to  a  continuously  changing  environment.  Those  cells  that  form 
the  bulk  of  the  organism,  however,  are  never  exposed  to  these  hazards ; 
instead  they  exist  in  a  remarkably  constant  environment.  Particularly 
is  this  true  among  the  homoiothermic  vertebrates. 

All  of  the  internal  organs  contribute  to  the  maintenance  of  this 
constant  internal  environment.  But  it  is  probably  the  blood  that  plays 
the  most  important  role.  The  blood,  through  the  medium  of  its  liquid 
portion,  bathes  every  cell  of  the  organism  and  brings  in  food,  hormones, 
oxygen,  and  protective  materials.  Further,  it  removes  any  cellular 
wastes  and  secretions.  In  short,  the  blood  is  the  agent  which  maintains 
the  constant  conditions  about  the  cell.  The  maintenance  of  this  con- 
stant internal  environment  or  homeostasis  is  the  fundamental  problem 
of  all  the  bodily  organs. 

The  amount  of  blood  circulating  remains  quite  constant  at  all  times. 
The  measurement  of  this  volume  is  difficult  but  can  be  approximated 
by  the  use  of  dyes  which  are  injected  into  the  blood  stream.  By  this 
method,  it  is  estimated  that  in  mammals  the  blood  composes  about  one- 
thirteenth  or  6  to  8  per  cent  of  the  total  body  weight. 

Fresh  blood  when  examined  under  a  microscope  is  seen  to  be  com- 
posed of  small  bodies  floating  in  a  liquid.  The  most  numerous  and 
conspicuous  of  these  bodies  or  formed  el  emeu  fs  are  the  red  blood  cor- 
puscles or  erythrocytes.  Less  easily  seen  are  the  many  zvhite  blood  cells 
or  leucocytes,  and  the  platelets.  The  liquid  portion  of  the  blood,  the 
plasma,  is  a  straw-colored  fluid  which  contains  many  dissolved  sub- 
stances such  as  salts,  foods,  hormones,  etc.  The  formed  elements  com- 
pose about  40  to  50  per  cent  of  the  total  blood  volume ;  the  plasma,  from 
50  to  60  per  cent.    The  exact  proportions  vary  within  narrow  limits. 

The  Formed  Elements  of  the  Blood. — The  red  blood  cells  or 
erythrocytes  (Fig.  52)  are  the  most  conspicuous  and  numerous  of  the 
formed  elements  of  the  blood.  In  human  beings,  they  average  about 
5,000,000  per  cubic  millimeter  in  men  and  about  4,500,000  in  w^omen. 
The  individual  erythrocyte  of  human  beings  is  a  biconcave  disc  about 
0.008  mm.  in  diameter  and  0.002  mm.  in  width  at  the  edge.  A  nucleus 
is  present  only  in  the  immature  erythrocytes,  but  is  lost  before  the  cells 
are  released  into  the  circulation.  Most  mammals  do  not  have  nucleated 
red  blood  cells ;  however,  many  other  vertebrates,  such  as  the  frog, 
retain  the  nuclei.     Each  red   blood   cell  has   a   structural   network   in 
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which  the  respiratory  pigment,  hemoglohin,  is  carried.  Hemoglobin  is 
an  iron-containing  protein  which  forms  the  greatest  part  of  the  soHd 
portion  of  the  erythrocyte,  and  also  gives  the  typical  red  color  to  these 
cells.  It  will  be  recalled  that  this  pigment  is  capable  of  combining  with 
oxygen  to  form  the  compound  oxyhemoglobin. 

The  er}throcytes  are  produced  principally  by  special  cells  in  the 
red  marrow  in  the  ends  of  the  long  bones,  in  the  ribs,  sternum,  and 
certain  bones  of  the  skull.  When  no  longer  useful,  they  are  destroyed 
by  special  cells,  the  macrophages,  of  the  spleen  and  the  red  bone  marrow^ 
The  hemoglobin  thus  made  available  is  utilized  in  several  ways.  The 
iron  from  it  may  be  used  to  produce  more  hemoglobin  or  it  may  be 
stored.  Other  portions  are  brought  to  the  liver  where  they  are  utilized 
for  bile  pigments.  The  average  red  blood  cell  remains  in  the  circulation 
for  about  four  months. 


NEUTROPHIL 


Fig.  52. — Mammalian  blood  cells. 

The  white  blood  cells  or  leucocytes  (Fig.  52)  are  another  of  the 
formed  elements  of  the  blood.  They  number  considerably  less  than  the 
red  blood  cells,  and  a  cubic  millimeter  of  human  blood  contains  from 
5,000  to  9,000.  The  principal  function  of  these  cells  is  scavenging,  that 
is,  they  destroy  bacteria  and  worn-out  cells,  engulfing  them  as  if  the 
leucocytes  were  individual  living  units.  In  shape,  these  cells  are  ir- 
regular and  move  by  a  motion  known  as  amoeboid  from  the  resemblance 
to  the  movements  of  some  of  the  protozoans. 

A  number  of  different  types  of  white  blood  cells  are  present  in  the 
blood,  each  with  a  particular  function.  These  various  cells  bear  names 
which  are  indicative  of  their  staining  reactions,  general  appearance, 
or  type  of  nucleus.     Three  types  are  known  from  their  staining  re- 
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actions :  the  eosinophils  which  stain  in  the  acid  stain,  eosin ;  the  neu- 
trophils which  stain  in  a  neutral  medium ;  and  the  basophils  which  stain 
in  a  basic  medium.  All  three  of  these  are  also  called  granular  leuco- 
cytes as  their  cytoplasm  appears  granular.  The  neutrophils  also  are 
known  as  the  polymorphonuclears  due  to  their  possession  of  a  lobated 
nucleus.  The  other  two  main  classes  of  leucocytes  are  the  lymphocytes 
with  their  nongranular  cytoplasm  and  large  nuclei ;  and  the  monocytes, 
large  cells  with  eccentric  nuclei. 

White  blood  cells  are  produced  in  a  number  of  different  tissues 
throughout  the  body.  These  tissues  include  yellow  bone  marrow  and 
lymphatic  tissues  which  are  scattered  in  various  places,  notably  the 
spleen,  the  lymph  nodes,  the  tonsils,  and  the  mesenteries. 

The  platelets  are  the  third  of  the  formed  elements  in  the  blood. 
They  are  extremely  small  (0.003  mm.  in  diameter)  and  are  concerned 
with  the  important  phenomenom  of  clotting.  The  number  has  been  vari- 
ously estimated  as  between  250,000  and  500,000  per  cubic  millimeter  of 
blood.  Their  place  of  origin  is  unknown,  but  is  possibly  the  bone 
marrow. 

Since  various  pathological  conditions  cause  changes  in  the  different 
blood  constituents,  blood  analysis  and  study  is  an  important  part  of 
clinical  procedure.  One  of  the  first  things  usually  done  is  to  count 
the  various  types  of  blood  cells.  A  reduced  number  of  red  blood  cells 
may  indicate  a  condition  such  an  anemia.  An  abnormally  high  number 
of  white  blood  cells  indicates  that  there  is  an  infection  in  the  body. 
The  different  types  of  white  blood  cells  increase,  depending  upon  the 
type  of  infection.  A  tapeworm  infection,  for  example,  results  in  an 
increased  eosinophil  count ;  appendicitis  increases  the  neutrophil  count. 

The  Liquid  Portion  of  the  Blood. — The  liquid  portion  of  the 
blood  is  the  plasma.  It  is  the  straw-colored  liquid  that  separates  from 
the  formed  elements  when  whole  blood  which  has  been  treated  to 
prevent  clotting  is  allowed  to  stand.  Ninety  per  cent  of  the  plasma  is 
water;  the  remaining  10  per  cent  consists  of  dissolved  solids.  Some 
of  the  materials  carried  in  the  plasma  are  the  soluble  end  products  of 
digestion  (fatty  acids,  simple  sugars,  and  amino  acids),  the  hormones, 
inorganic  salts,  antibodies,  blood  proteins,  metabolic  wastes,  nitro- 
geneous  wastes,  and  some  blood  gases. 

Undoubtedly  there  are  other  materials  within  the  plasma,  many 
of  whose  functions  are  quite  unknown.  In  spite  of  the  fact  that  the 
plasma   does   contain   such   a   large   number   of   different   materials,    it 
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remains  remarkably  constant  in  its  composition  and  is  able  effectively 
to  maintain  the  essential  homeostasis  of  the  organism. 

Clotting  of  Blood. — Blood  as  normally  present  in  the  blood  vessels 
is  a  liquid  tissue,  but  upon  exposure  to  air  through  injury  to  the  skin, 
it  is  able  to  form  clots  which  prevent  further  blood  loss.  This  ability 
to  form  clots  to  stop  the  flow  of  blood  has  an  obvious  survival  value. 
It  means  that  the  animal  is  not  in  danger  of  death  by  hemorrhaging 
from  every  slight  injury.  Equally  important  is  the  prevention  of  clot- 
ting within  the  blood  vessels.  To  accomplish  these  two  completely 
antagonistic  processes,  an  elaborate  series  of  reactions  is  necessarily 
involved. 

Within  the  blood  plasma  are  substances  important  in  the  clotting 
mechanism ;  these  are  fibrinogen,  prothrombin,  and  calcium  salts.  The 
formed  elements,  the  platelets,  are  also  involved  in  this  process. 

When  tissue  is  injured,  the  platelets  disintegrate  and  both  they 
and  the  injured  tissues  produce  a  complex  material,  thrombokinase. 
Thrombokinase,  which  literally  means  "clot  hastener"  actually  contains 
many  different  materials,  one  of  which  is  known  as  cephalin.  Throm- 
bokinase plus  the  calcium  ions  of  the  blood  plus  prothrombin  produces 
thrombin.  The  thrombin  next  reacts  with  the  fibrinogen  normally 
present  in  the  blood  to  produce  fibrin.  Fibrin  forms  a  meshwork  which 
entangles  the  blood  cells  and  thus  forms  the  clot.  Briefly  this  can  be 
summarized  as  follows : 

Prothrombin  -|-  thrombokinase  +  calcium  ions  >   thrombin 

Thrombin  +  fibrinogen  >   fibrin 

Fibrin  +  blood  cells  >  clot. 

One  Other  essential  for  the  proper  clotting  of  blood  is  vitamin  K, 
which  is  necessary  for  the  formation  of  prothrombin  by  the  liver.  This 
vitamin  need  not  necessarily  be  in  food,  for  it  can  be  manufactured 
from  foods  by  bacterial  action  in  the  intestine. 

Although  this  account  of  the  blood-clotting  mechanism  may  seem 
very  complex,  it  is  actually  a  simplification  of  the  many  reactions  in- 
volved. Of  equal  interest  is  the  fact  that  the  blood  does  not  clot  within 
the  blood  vessels.  So  long  as  all  the  materials  for  clotting  are  present, 
it  does  seem  remarkable  that  the  formation  of  clots  is  actually  such  a 
rare  phenomenon.  Clots  do  at  times  form  on  the  walls  of  blood  vessels 
when  an  injury  occurs.  If  the  clot  extends  across  the  blood  vessel, 
it  may  interfere  with  circulation ;  it  is  then  known  as  a  thrombus.  If 
this  thrombus  should  break  loose  to  float  in  the  circulatory  system, 
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it  is  known  as  an  embolus.  This  can  be  dangerous  inasmuch  as  the 
embolus  may  ultimately  clog  up  a  vital  vessel  and  even  cause  death. 

There  are  at  least  three  factors  which  normally  prevent  the  clotting 
of  blood  within  the  blood  vessels.  Their  nature  can  in  part  be  surmised 
by  reviewing  the  clotting  reaction.  First  it  may  be  noted  that  thrombin 
is  present  in  the  blood  as  prothrombin,  an  inactive  form.  Further 
assurance  of  its  remaining  inactive  is  due  to  the  presence  of  another 
material,  an  anticoagulant  called  antiprothrombin.  This  is  in  some  way 
tied  to  the  prothrombin.  A  second  factor  which  prevents  clotting  is 
the  fact  that  thrombin  is  not  formed  until  thrombokinase  is  released 
by  either  the  disintegration  of  the  platelets  or  the  injured  tissues.  The 
thrombokinase  apparently  forms  a  union  with  antiprothrombin  to  free 
the  prothrombin.  Prothrombin  is  then  converted  to  active  thrombin 
by  the  essential  calcium  ions  in  the  blood.  There  is  one  other  important 
factor  in  this  prevention  of  clotting.  That  is  the  fact  that  the  walls 
of  the  blood  vessels  are  very  smooth  and  offer  no  surfaces  upon  which 
clotting  can  be  initiated.  The  truth  of  this  can  be  demonstrated  if 
freshly  drawn  blood  is  carefully  placed  in  a  container  lined  with  wax. 

Occasionally  there  are  individuals  in  whom  clotting  does  not  occur 
after  injury  of  tissues.  These  rare  individuals  have  the  unusual  in- 
herited disease,  hemophilia.  From  studies  of  their  blood  it  appears  that 
the  defect  is  due  to  the  unusual  stability  of  the  platelets.  They  fail  to 
disintegrate  when  tissue  is  injured,  thus  thrombokinase  is  not  released 
to  initiate  clotting.  Clotting  also  is  at  times  delayed  by  a  lack  of  suffi- 
cient vitamin  K  in  the  blood.  It  is  usually  avoided  by  administering 
the  vitamin. 

Blood  Types. — For  many  years,  it  has  been  a  well-known  fact 
that  blood  can  be  transfused  from  one  individual  to  another.  Formerly 
these  transfusions  often  resulted  in  the  death  of  the  recipient.  Now 
it  is  known  that  at  times  the  blood  of  different  individuals  is  incom- 
patible, that  is,  when  the  blood  is  mixed,  the  red  blood  cells  clump 
together  to  prevent  the  flow  of  blood  through  the  capillaries.  This 
clumping  is  known  as  agglitfinafion  and  involves  two  factors.  One  of 
these,  the  agglutinin ,  is  found  in  the  plasma;  the  other,  the  agglutinogen, 
is  found  in  the  red  blood  cells.     (Fig.  53.) 

Two  agglutinogens  are  of  concern  to  us.  These  are  named  A  and 
B.  They  may  occur  individually,  in  combination,  or  not  at  all,  giving 
four  possible  types :  A,  B,  AB,  and  O.  The  agglutinins  of  the  plasma 
occur  in  the  same  types  and  are  listed  as  a,  b,  ab,  and  o.    An  individual 
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whose  blood  is  type  A  has  the  agghitinogen  A  in  the  corpuscles  and  the 
agglutinin  b  in  the  plasma.  The  blood  groups  are  always  named  after 
the  agglutinogen  of  the  red  blood  cells  rather  than  from  the  agglutinin 
of  the  plasma.  The  reactions  occurring  between  the  various  blood  types 
are  best  shown  in  Fig.  53. 
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Fig.  53. — Relationships  of  blood  groups  of  man.  The  agglutinogens  in  cells 
are  indicated  by  capitals,  the  agglutinins  in  the  serum  by  lower  case  letters. 
A  "plus"  denotes  agglutination;  a  "minus"  denotes  absence  of  agglutination. 


It  can  be  seen  that  the  plasma  of  group  AB  individuals  contains 
no  agglutinin ;  therefore  it  is  unable  to  agglutinize  the  red  blood  cells 
of  any  introduced  blood.  Thus  individuals  of  this  group  are  known 
as  universal  recipients.  In  a  similar  manner,  the  individuals  of  group 
O  do  not  have  any  agglutinogen  in  their  red  blood  cells.  Their  red 
blood  cells  cannot  be  agglutinized  by  the  serum  of  any  other  blood  group. 
These  individuals  are  known  as  universal  donors.  They  can  give  blood 
to  any  individual,  but  can  receive  it  only  from  other  individuals  with 
group  O  blood. 

The  Rh  Factor. — Another  important  consideration  in  transfusing 
blood  from  one  individual  to  another  is  the  Rh  factor.  This  factor  is 
known  as  Rh  from  its  original  discovery  in  the  Rhesus  monkey.  In 
its  action,  the  Rh  factor  is  quite  different  from  the  blood  types  dis- 
cussed above.  The  persons  having  this  factor  are  Rh  positive;  those 
without  it  are  Rh  negative.  This  is  a  true  antibody  reaction,  that  is, 
the  introduction  of  Rh-positive  blood  into  the  circulation  of  an 
individual  with  Rh-negative  blood  will  result  in  the  formation  of  anti- 
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bodies.  The  antigen  or  the  material  which  causes  the  antibody  forma- 
tion is  carried  in  the  red  blood  cells.  Normally  there  are  no  anti- 
bodies present  in  the  serum  of  the  Rh-negative  individual ;  therefore, 
there  are  no  adverse  reactions.  The  first  transfusion  of  Rh-positive 
blood  will  not  injure  the  Rh-negative  recipient,  but  does  result  in  the 
formation  of  antibodies.  A  subsequent  transfusion  of  Rh-positive  blood 
will  result  in  death. 

This  reaction  is  of  particular  interest  due  to  the  role  which  it  often 
plays  in  maternity  cases.  If  a  pregnant  woman  is  Rh  negative,  and 
her  husband  is  Rh  positive,  the  fetus  may  inherit  the  positive  factor. 
In  this  case  the  woman  will  develop  Rh  antibodies.  The  first  child 
is  usually  born  normally,  but  a  second  pregnancy  may  result  in  abortion. 
This  is  due  to  the  fact  that  the  antibodies  in  the  mother's  blood  can 
cross  the  placenta  and  destroy  the  red  blood  cells  of  the  fetus. 

THE  LYMPHATIC  SYSTEM 

While  the  circulatory  system  by  means  of  its  smaller  vessels  and 
capillaries  is  able  to  bring  the  blood  into  all  regions  of  the  body,  it 
is  not  able  to  bring  all  the  elements  into  direct  contact  with  the  individual 
cells.  This  is  the  function  of  the  lymphatic  system.  Without  the 
lymphatic  system  to  supplement  the  circulation,  the  circulatory  system 
would  be  powerless  to  bring  food  to  the  individual  cells  or  to  pick  up 
waste  materials. 

That  part  of  the  plasma  with  its  dissolved  food  materials,  hormones, 
proteins,  etc.,  which  escapes  through  the  capillary  walls  is  known  as 
tissue  fluid.  A  few  white  blood  cells  also  escape  with  this  fluid,  but  the 
red  blood  cells  are  held  back  by  the  capillary  walls.  This  tissue  fluid 
bathes  the  neighboring  cells,  giving  up  its  foods  and  other  materials, 
and  in  turn  picking  up  waste  materials.  Its  composition  is  then  changed. 
After  performing  these  functions,  it  enters  the  small  channels,  the  lymph 
capillaries,  and  is  known  as  lymph.  The  capillaries  unite  to  form  larger 
lymph  vessels  or  lymphatics.  By  means  of  these  vessels,  the  lymph  is 
carried  back  into  the  veins  and  the  circulatory  system  proper. 

The  movement  of  the  lymph  through  the  lymphatics  toward  the 
thoracic  cavity  is  accomplished  by  a  combination  of  several  different 
factors  in  mammals.  While  the  lymph  vessels  are  thinner  than  the 
veins,  they  superficially  resemble  them  by  having  many  valves  to  pre- 
vent backward  fiow.  In  part,  the  upward  flow  is  maintained  by  the 
constant  pressure  of  fluid  moving  into  the  vessels.    Muscular  movements 
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likewise  aid,  as  does  the  negative  pressure  of  the  thoracic  cavity.  Pos- 
sibly the  rapid  flow  of  blood  past  the  entrance  of  the  lymphatics  into 
the  main  veins  aspirates  to  some  degree.  The  flow,  however  is  very 
slow,  averaging  only  4  mm.  per  second  in  the  largest  duct. 

Among  some  of  the  lower  vertebrates,  the  frog  for  example,  there 
are  actually  lymph  hearts  located  along  some  of  the  main  lymphatics. 
These  pump  the  lymph  forward. 

In  most  mammals,  the  lymph  from  the  entire  abdominal  region,  legs, 
left  side  of  head,  and  chest  enters  the  veins  through  the  left  thoracic  duct 
which  is  at  the  junction  of  the  jugulars  and  the  subclavian  where  they 
unite  to  form  the  left  innominate.  The  lymph  from  the  right  side  of  the 
head,  neck,  and  chest  enters  through  the  right  lymphatic  duct  at  the 
origin  of  the  right  innominate  (Fig.  49). 

In  its  route  through  the  body,  the  lymph  vessels  pass  through 
lymph  nodes  where  they  break  up  into  many  small  channels.  The  lymph 
nodes  are  scattered  throughout  the  body  along  the  courses  of  the  lymph 
channels.  Concentrations  of  them  occur  in  the  neck,  under  the  arms, 
in  the  mesenteries,  and  in  the  groin.  They  are  definite  organs  whose 
tissue  is  formed  of  a  spongelike  framework  with  many  free  cells  in 
the  meshes.  One  of  the  very  important  types  of  cells  present  in  this 
tissue  are  the  macrophages  which  are  able  to  engulf  and  frequently 
destroy  bacteria  and  other  foreign  substances.  Another  important  func- 
tion of  these  nodes  is  the  production  of  lymphocytes. 

All  the  lymph  passes  through  the  various  nodes,  and  is  thus 
filtered  before  returning  to  the  veins.  In  cases  of  infections,  vast 
quantities  of  bacteria  are  carried  by  the  lymph  to  the  nodes.  In  this 
way,  infections  are  often  localized  and  kept  from  spreading  throughout 
the  body.  In  severe  infections  the  nodes  may  become  swollen  and 
tender.  As  they  are  more  abundant  at  the  joints,  an  infection  in  a  finger 
may  result  in  a  swelling  under  the  arm.  Even  foreign  bodies  such  as 
dust  are  filtered  out  by  these  lymph  nodes.  City  dwellers  and  coal 
miners  usually  have  such  accumulations  of  these  foreign  particles  that 
the  nodes  in  the  region  of  the  lungs  become  black. 

The  intestinal  region  is  well  supplied  with  lymph  vessels  which 
absorb  the  digested  fats.  They  are  quite  milky  in  appearance  and  bear 
the  descriptive  name  of  lacteals. 

Once  the  lymph  returns  to  the  blood  stream,  it  is  again  an  essential 
part  of  the  blood  from  which  it  was  originally  derived.  This  process  of 
tissue  fluid  formation  and  lymph  return  is  a  continuous  one,  essential 
for  the  maintenance  of  homeostasis  in  the  organism. 


CHAPTER  11 

THE  URINARY  SYSTEM 


The  importance  of  the  circulatory  system  for  maintaining  homeo- 
stasis or  a  constant  internal  environment  has  already  been  emphasized, 
but  its  work  would  be  impossible  without  the  aid  of  the  organs  of  ex- 
cretion. Only  in  stable  surroundings  can  the  many  complex  processes 
characteristic  of  the  organism  take  place.  The  blood  maintains  this 
homeostasis  by  bringing  in  foods  and  oxygen,  carrying  away  waste 
products,  and  distributing  the  secretions  of  the  different  endocrine 
glands. 

The  metabolism  of  foods  for  the  production  of  energy  and  the  re- 
pair of  tissues  is  accompanied  by  the  accumulation  of  waste  materials. 
These  are  removed  from  the  sites  where  produced  by  the  blood.  How- 
ever, if  there  were  no  manner  in  which  they  could  be  excreted  from 
the  organism,  they  would  accumulate  and  cause  great  harm.  Thus 
the  importance  of  homeostasis  is  further  emphasized  and  the  role  as- 
sumed by  the  organs  of  excretion  becomes  more  important. 

In  mammals  there  are  several  different  systems  which  aid  in  the 
excretion  of  waste  materials.  Carbon  dioxide  is  lost  from  the  lungs ; 
some  salts  and  small  amounts  of  urea  are  eliminated  through  the  skin ; 
the  large  intestine  is  able  to  excrete  waste  heavy  metals.  Most  im- 
portant, however,  is  the  work  done  by  the  kidneys.  By  means  of  their 
many  tiny  tubules,  the  entire  blood  supply  of  the  body  is  constantly 
filtered.  Excess  materials  are  removed,  and  homeostasis  is  maintained. 
So  vital  is  this  work,  that  life  itself  is  impossible  once  their  functioning 
stops  for  even  a  short  time. 

All  animals  from  the  single-celled  protozoans  to  the  multi-cellular 
mammal  have  the  same  problem  of  disposing  of  their  metabolic  wastes. 
For  the  small  aquatic  forms  it  is  simply  a  matter  of  the  waste  products 
diffusing  out  through  the  cell  membrane.  With  increasing  body  size, 
the  problem  of  this  disposal  becomes  more  complex.     This  has  been 
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solved  by  the  development  of  special  collecting  apparatuses  v^ith  ducts 
leading  to  the  outside. 

Among  the  invertebrates,  there  are  many  specialized  excretory 
organs.  No  matter  how  varied  their  appearance,  however,  they  are  all 
concerned  with  this  fundamental  problem  of  maintaining  homeostasis  by 
disposing  of  waste  materials. 

Among  the  vertebrates,  the  urinary  system  is  somewhat  more 
complex  and  there  is  a  special  organ,  the  kidney,  composed  of  numer- 
ous individual  collecting  units.  This  kidney  has  ducts  leading  from  it 
to  the  outside.  In  many  animals,  the  urine  produced  by  the  kidneys 
accumulates  temporarily  in  a  special  structure,  the  bladder. 
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Fig.  54. — Diagrams  of  pro-,  meso-,  and  metanephros.     A,  Pronephros; 
B,  mesonephros;  C,  metanephros. 

Three  different  types  of  kidneys  may  be  found  among  the  various 
vertebrate  groups.  These  are  known  as  the  pro-,  meso-,  and  meta- 
nephros. Each  fundamentally  consists  of  a  series  of  kidney  tubules,  the 
filtration  units,  in  close  contact  with  capillaries.  These  capillaries  form 
a  tuft  known  as  a  glomerulus.  In  the  meso-  and  metanephros,  one  of 
these  is  in  contact  with  each  filtration  unit.  In  the  pronephros,  this  fil- 
tration unit  has  a  ciliated  funnel,  the  nephrostome,  which  opens  into  the 
coelom.  The  mesonephros  is  a  transitional  form:  each  unit  has  one 
branch  terminating  as  a  funnel  in  the  coelom  and  another  branch  form- 
ing a  capsule  in  close  contact  with  a  glomerulus.  This  capsule,  known 
as  the  Bowman's  capsule,  is  the  only  collecting  unit  of  the  metanephros. 

The  pronephros  is  found  only  in  a  few  primitive  fish  and  in  the 
embryos  of  most  higher  forms.  It  is  located  at  the  anterior  portion  of 
the  coelom,  consists  of  but  a  few  tubules,  and  is  relatively  inefficient. 
The  mesonephros  is  the  functional  kidney  of  most  fish,  amphibians,  and 
the  embryos  of  reptiles,  birds,  and  mammals.     It  is  median  in  its  posi- 
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tion  in  the  coelom  and  consists  of  many  hundreds  of  tubules.  Portions 
of  the  ducts  of  the  mesonephros  are  utilized  by  the  adults  of  the  birds, 
reptiles,  and  mammals  as  parts  of  the  genital  tract.  The  metanephros 
is  the  functional  kidney  of  the  adults  of  these  latter  three  groups.  It 
is  posterior  in  position  in  the  coelom,  and  each  kidney  consists  of  thou- 
sands of  individual  units.  The  metanephros  is  unquestionably  the  most 
efficient  of  the  kidneys. 

THE  FUNCTIONS  OF  THE  URINARY  SYSTEM 

The  chief  function  of  the  urinary  system  is  to  aid  the  circulatory 
system  in  maintaining  homeostasis.  In  doing  this,  it  does  certain  spe- 
cific tasks  which  are  related  to  this  all-important  function. 

1.  The  Excretion  of  Waste  Materials.  Various  catabolic 
products  such  as  urea,  creatinine,  uric  acid,  and  some  salts  are  removed 
from  the  blood  by  the  kidneys. 

2.  The  Regulation  of  Blood  Composition.  Within  the  blood 
the  concentration  of  the  various  compounds  and  ions  is  kept  at  a  remark- 
ably constant  level.  To  a  large  extent  this  is  made  possible  by  the 
work  of  the  kidneys  in  excreting  excess  amounts  of  any  substance.  In- 
directly, thus,  the  kidneys  are  to  a  great  extent  responsible  for  the  main- 
tenance of  the  normal  osmotic  pressures  of  the  body  fluids.  While  ex- 
cess water  is  excreted  by  the  skin  and  to  a  small  extent  by  the  lungs, 
it  is  really  the  kidneys  which  keep  the  fluid  level  of  the  body  constant. 
In  case  of  hemorrhage,  or  extreme  loss  of  fluids  by  sweating,  the  urine 
becomes  more  concentrated. 

3.  Maintenance  of  Acid-Base  Balance.  The  concentration  of 
the  various  ions  of  the  body  fluids  is  regulated  by  their  rates  of  reabsorp- 
tion  by  the  kidney  tubules.  The  kidney  is  able  to  conserve  bases  by 
actually  forming  ammonia  to  replace  the  cation  sodium  in  the  body 
fluids ;  thus  ammonia  rather  than  sodium  compounds  may  be  eliminated. 
Excess  acids  are  eliminated  in  this  form,  while  excess  bases  may  be 
excreted  with  carbonic  acid  which  is  always  available  from  the  various 
metabolic  processes. 

THE   ANATOMY   OF   THE   MAMMALIAN   URINARY   SYSTEM 

The  principal  organs  of  the  mammalian  urinary  system  are  the 
paired  kidneys.  These  somewhat  bean-shaped  organs  are  located  back 
of  the  peritoneum  of  the  dorsal  wall  of  the  abdomen.    From  each  kidney, 
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a  slender  tube,  the  ureter,  leads  to  the  saclike  urinary  bladder.     From 
the  bladder,  the  urethra  carries  the  urine  to  the  outside. 

The  Kidneys. — The  kidneys  are  situated  on  the  dorsal  wall  of  the 
abdomen  in  the  lumbar  region,  one  on  each  side  of  the  vertebral  col- 
umn. Each  is  covered  ventrally  by  the  peritoneal  lining  of  the  coelom ; 
the  kidneys,  thus,  are  not  actually  a  part  of  the  coelomic  viscera,  rather 
they  are  retroperitoneal  (behind  the  peritoneum)  organs.  Each  kidney 
has  a  convex  outer  surface  and  a  concave  inner  surface  and  is  some- 
what "bean"  shaped.     On  this  inner  surface  is  a  place  called  the  hilus 
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Fig.  55. — The  urinary  system  of  a  mammal. 

where  the  blood  vessels  enter  and  leave  the  kidney  and  the  ureter  origi- 
nates. One  kidney  is  often  more  anterior  than  the  other,  although 
there  may  be  some  variation  in  their  relative  positions.  Each  is  im- 
bedded in  a  mass  of  fat  which  helps  to  absorb  the  shock  of  movements. 
Surrounding  each  kidney  and  its  capsule  of  fat  is  a  sheath  of  connective 
tissue  which  helps  to  hold  it  in  place. 

A  longitudinal   section  through  the  kidney   reveals  that  it   is  di- 
vided into  two  principal  regions,  an  outer  cortex  and  an  inner  medulla. 
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The  outer  cortex  contains  the  thousands  of  individual  kidney  tubules; 
the  medulla  contains  the  collecting  tubules  which  receive  the  wastes 
from  the  tubules  of  the  cortex.  The  medulla  is  divided  into  cones, 
the  renal  pyramids,  which  have  their  flattened  bases  against  the  cortex 
and  their  apices  projecting  into  a  cavity,  the  sinus.  The  apices  of  the 
pyramids  contain  the  microscopic  openings  of  the  collecting  tubules, 
and  are  known  as  papillae.  In  cats  and  rats  there  is  but  a  single  papilla 
while  in  man  there  are  approximately  twelve. 

The  sinus  is  partially  surrounded  by  the  expanded  anterior  end 
of  the  ureter,  the  pelvis.  The  sinus  is  nearly  filled  with  the  projecting 
papillae  and  blood  vessels  which  enter  and  leave  at  the  hilus. 
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Fig.  56. — Diagram  of  Icidney  tubule  and  associated  blood  vessels. 

The  Kidney  Tubule. — The  nephrons  or  kidney  tubules  are  the 
structures  which  remove  materials  from  the  blood  and  initiate  the  whole 
process  of  urine  secretion.  Each  nephron  consists  of  two  distinct  por- 
tions :  the  coiled  capillaries  or  glomerulus  and  the  tubule  itself.  Each 
tubule's  blind  end  is  expanded  to  surround  partially  the  glomerulus. 
This  blind  end  is  the  Bowman's  capsule,  and  is  composed  of  thin  epi- 
thelial cells.  From  the  Bowman's  capsule,  the  tubule  becomes  much 
convoluted  and  is  known  as  the  proximal  convoluted  portion.  Beyond 
this,  the  tubule  descends  toward  the  medulla  as  the  descending  tubule, 
and  then  makes  a  sudden  turn,  the  loop  of  Henle,  before  ascending  as 
the  ascending  tubule.  A  short  distal  convoluted  portion  is  present  be- 
fore the  tubule  joins  with   others,   forming  a  collecting  tubule.     The 
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cells  forming  the  kidney  tubule,  other  than  those  of  the  Bowman's  cap- 
sule are  thick  and  cuboidal  in  shape. 

The  renal  artery  which  enters  the  kidney  at  the  hilus  breaks  into 
smaller  vessels,  finally  becoming  small  afferent  blood  vessels  that  enter 
the  space  surrounded  by  each  Bowman's  capsule.  Here  the  afiferent 
vessel  breaks  into  the  capillaries  of  the  glomerulus,  and  then  leaves  the 
glomerulus  as  the  efferent  vessel.  Each  efferent  vessel  passes  to  the 
remaining  portion  of  the  tubule  where  it  breaks  up  into  smaller  vessels 
closely  surrounding  the  tulnile.  Gradually  these  smaller  vessels  coalesce 
to  form  the  renal  vein. 

Accessory  Urinary  Structures. — From  each  kidney,  a  slender 
tube,  the  ureter,  leads  to  the  base  of  the  bladder.  Each  ureter  begins  as 
the  expanded  pelvis  which  partially  surrounds  the  sinus  of  the  kidney. 
Urine  is  conducted  through  the  ureter  by  means  of  peristaltic  waves 
which  begin  at  the  pelvis. 

Just  ventral  to  the  rectum  is  the  pear-shaped  urinary  bladder.  It 
is  a  highly  extensible  organ  due  to  its  layers  of  smooth  muscle.  In  the 
adult  human  being  it  has  a  capacity  of  about  one  pint.  The  passage  of 
the  urine  from  the  bladder  to  the  urethra  is  controlled  by  a  sphincter 
muscle. 

The  length  of  the  uretha  is  somewhat  greater  in  the  male  than  in 
the  female.  Essentially  its  walls  are  continuous  with  those  of  the 
bladder.  In  the  male,  the  distal  portion  of  the  urethra  serves  as  a 
passageway  for  both  urine  and  the  sperm  from  the  testes. 

THE  PHYSIOLOGY  OF  THE  URINARY  SYSTEM 

Since  much  of  the  formation  of  urine  is  a  physical  process,  the  best 
clues  as  to  the  method  by  which  this  occurs  may  be  found  in  the  struc- 
ture of  the  nephron. 

The  Formation  of  Urine. — Close  examination  of  an  individual 
Bowman's  capsule  shows  that  the  capillaries  forming  the  glomerulus  are 
in  very  intimate  contact  with  the  thin  epithelial  cells  of  the  capsule. 
Further  study  will  reveal  that  the  efferent  blood  vessel  is  of  slightly 
smaller  diameter  than  is  the  afferent;  thus  the  blood  pressure  within 
the  glomerulus  is  slightly  higher  than  that  of  the  afferent  vessel.  This 
arrangement  facilitates  the  movement  of  much  of  the  liquid  portion 
of  the  blood  into  the  Bowman's  capsule.  The  resulting  filtrate  then 
moves  through  the  capsule  into  the  urinary  tubule. 
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After  the  efferent  blood  vessel  leaves  the  glomerulus,  a  second 
capillary  bed  is  formed  in  the  region  of  the  tubule.  Here  within  this 
convoluted  and  looped  tubule,  much  of  the  filtrate  collected  within 
the  Bowman's  capsule  is  reabsorbed.  This  reabsorption  is  a  selective 
process.  About  98  per  cent  of  the  water  is  reabsorbed  and  glucose  is 
completely  reabsorbed,  while  other  substances  are  only  partially  re- 
turned to  the  blood.  In  this  way,  urine  is  formed  due  to  the  more  or 
less  double  process  of  reabsorption  and  concentration. 

This  process  of  urine  formation  has  been  experimentally  verified. 
By  means  of  micropipettes,  portions  of  fluid  have  been  withdrawn  for 
analysis  from  both  the  Bowman's  capsule  and  the  tubules.  It  was  defi- 
nitely shown  that  the  composition  of  the  filtrate  was  the  same  as  that 
of  the  blood  plasma  minus  the  large  protein  molecules.  Thus  the  kid- 
ney tubules  filter  all  of  the  blood  except  the  formed  elements  and 
the  large  protein  constituents.  It  has  been  estimated  that  the  amount 
of  filtrate  passing  through  the  Bowman's  capsules  may  approach  180 
liters  a  day.  This  volume  is  reduced  to  one  or  one  and  one-half 
liters  by  the  reabsorption  taking  place  in  the  tubules. 

Urine. — Urine  when  voided  is  a  yellow,  clear  liquid  with  a  definite 
odor.  It  is  usually  acid  in  its  reaction  and  has  a  specific  gravity  slightly 
greater  than  that  of  water. 

Whether  urine  is  acid  or  basic  in  its  reaction  depends  upon  the 
diet  of  the  animal.  The  end  products  of  the  metabolism  of  vegetable 
materials  are  basic  while  those  of  proteins  are  acid;  thus  herbivorous 
animals  usually  have  urine  with  a  basic  pH. 

While  all  terrestrial  animals  have  the  problem  of  conserving  water, 
those  dwelling  on  deserts  have  the  greatest  necessity  for  utilizing  even 
the  water  produced  during  metabolic  reactions.  Some  desert  rodents, 
for  example,  excrete  nearly  dry  nitrogeneous  wastes. 

In  addition  to  water  and  salts,  urine  normally  has  certain  charac- 
teristic waste  materials  of  protein  metabolism.  These  and  their  origins 
are  as  follows : 

Creatinine,  a  complex  protein,  apparently  originates  from  the  creatine  of  striated 
muscle.  Creatine  is  normally  found  in  striated  muscle  and  is  involved  in  its 
activity. 

Urea,  which  is  produced  by  the  liver  cells  from  ammonium  salts,  forms  about 
one-half  of  the  solids  excreted  in  the  urine.  The  ammonium  salts  are  produced 
during  protein  metabolism. 
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Ammonia  is  believed  to  be  produced  by  the  kidney  from  amino  acids  or  urea 
in  the  blood.  This  formation  is  important  in  maintaining  the  acid-base  balance  of 
the  body. 

Uric  acid  is  a  waste  product  resulting  from  the  metabolism  of  special  proteins 
known  as  nucleoproteins. 

Micturition. — Micturition  or  the  emptying  of  the  urinary  bladder 
is,  in  the  adult,  under  voluntary  control.  This  is  a  rare  example  of 
voluntary  control  being  exercised  over  an  organ  controlled  by  the 
autonomic  nervous  system.  In  the  very  young  individual,  this  volun- 
tary control  must  be  learned. 

The  desire  to  micturate  occurs  when  the  pressure  within  the  bladder 
rises  due  to  its  being  filled  with  urine.  This  stimulates  certain  sensory 
nerves  within  the  wall  of  the  bladder,  and  the  sensation  is  transmitted 
up  the  cord  to  the  brain,  resulting  in  the  individual's  being  conscious 
of  the  filled  bladder. 


CHAPTER  12 

THE  NERVOUS  SYSTEM  AND  SENSE  ORGANS 


To  survive,  an  animal  must  be  constantly  adjusting  to  an  ever- 
changing  environment.  These  adjustments  are  mediated  through  the 
nervous  system  with  its  complex  organization.  The  many  stimuli  af- 
fecting the  organism  from  the  environment  are  received  by  the  indi- 
vidual sense  organ,  the  interpretation  of  these  sensations  is  made  by 
the  central  nervous  system,  and  the  response  to  the  stimulus  is  made 
by  muscular  movements  or  glandular  secretions.  The  nervous  system 
is  able  to  perform  this  important  protective  function  because  it  inte- 
grates all  the  varied  activities  of  the  body.  Perhaps  it  could  even  be 
said  that  the  tissue  composing  the  nervous  system  actually  represents 
an  extreme  development  of  that  fundamental  property  of  all  proto- 
plasm, irritability. 

Every  animal  has  some  type  of  system  which  coordinates  its  bodily 
activities  and  allows  it  to  respond  to  environmental  changes.  Even 
among  the  single-celled  protozoans  (ciliates),  some  forms  have  special 
fibrils  which  coordinate  the  beat  of  the  cilia.  The  first  nervous  system 
that  is  composed  of  definite  units  is  that  found  among  the  coelenterates. 
Here  there  is  no  central  brain,  but  there  is  a  network  of  nerve  cells 
which  ramify  throughout  the  body  cells.  In  general,  the  whole  animal 
responds  to  any  one  stimulus.  Among  the  worm  groups  are  found  the 
first  true  beginnings  of  centralized  nervous  systems.  The  flatworms 
have  the  "ladder  type  system"  in  which  two  longitudinal  nerves  extend 
posteriorly  from  a  head  concentration  of  nerve  cells.  The  longitudinal 
fibers  are  connected  by  cross  fibers.  The  concentration  of  nerve  cells 
or  head  ganglion  is  the  beginning  of  centralized  control.  In  the  an- 
nelids (earthworm)  this  centralization  of  control  is  further  developed. 
From  a  dorsal  head  ganglion  or  "brain",  two  nerve  connectives  pass 
around  the  esophagus  and  join  ventrally  to  form  the  ventral  nerve  cord 
which  then  traverses  the  length  of  the  body.  Along  its  length,  nerve 
fibers  are  given  off  from  ganglia  in  each  segment.    The  nervous  system 
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of  the  arthropods  is  very  similar  to  this  except  that  there  is  fusion, 
and  hence  reduction  of  the  number  of  gangha  in  the  ventral  nerve  cord. 

The  vertebrate  nervous  system  shows  many  unique  features  whose 
ancestral  counterparts  among  the  invertebrates  are  difficult  if  not  im- 
possible to  find.  The  vertebrates  have  the  greatest  development  of  the 
central  nervous  system.  This  central  nervous  system  is  arbitrarily 
divided  into  the  brain,  with  its  many  complex  and  specialized  regions, 
and  the  spinal  cord.  In  contrast  to  the  invertebrates,  the  central  nerv- 
ous system  of  the  vertebrates  is  wholly  dorsal  and  is  hollow.  The 
brain  is  differentially  developed  among  the  various  groups  of  vertebrates. 

THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM 

The  nervous  system  has  two  primary  functions :  one  relates  the 
organism  to  its  external  environment,  the  other  coordinates  the  ac- 
tivities within  the  organism.  Both  of  these  functions  are  really  inte- 
grative activities  by  which  the  organism  is  able  to  live  in  its  environ- 
ment as  a  unified  whole. 

1.  Interpretation  of  the  Environment.  By  means  of  its 
many  sense  organs,  such  as  the  eyes,  the  ears,  and  the  nose,  the  animal 
is  made  aware  of  changes  in  its  environment.  These  specialized  organs 
are  known  as  receptors.  The  information  received  by  them  is  relayed 
to  the  central  nervous  system  for  interpretation.  A  response  to  the 
change  of  the  environment  is  brought  about  by  effectors.  An  effector 
may  be  a  muscle  which  brings  about  a  movement  or  a  gland  which  is 
stimulated  to  secrete. 

2.  Integrative  Activities  Within  the  Animal.  The  activi- 
ties of  the  many  different  organ  systems  must  be  coordinated  for  the 
proper  functioning  of  the  animal  as  a  whole.  It  may  be  recalled  that 
during  the  discussion  of  the  different  organ  systems,  mention  was  often 
made  of  the  role  played  by  the  nervous  system  in  regulating  the  move- 
ment or  response  to  different  stimuli.  The  complex  interworkings  of 
various  systems  was  particularly  well  illustrated  by  the  circulatory  and 
muscular  systems.  During  strenuous  exercise,  the  amount  of  blood  re- 
turning to  the  heart  is  greatly  increased.  This  results  in  stretching  of 
the  wall  of  the  auricle  and  in  stimulation  of  special  sense  endings. 
This  stimulation  results  in  an  increased  heart  rate.  Thus  the  in- 
creased demands  of  the  muscular  system  are  met  by  a  response  from 
the  circulatory  system  which  is  mediated  by  the  nervous  system. 
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The  nervous  system  is  aided  in  its  integrative  activities  by  the 
work  of  the  endocrine  system.  The  function  of  this  latter  system  will 
be  considered  in  a  later  chapter. 

THE  ANATOMY  OF  THE  NERVOUS  SYSTEM 

Functionally  the  nervous  system  is  a  unified  whole ;  for  the  sake 
of  discussion,  however,  it  is  often  arbitrarily  divided  into  three  struc- 
tural parts.  These  are  the  central  nervous  system  consisting  of  the 
brain  and  spinal  cord,  the  peripheral  nervous  system  formed  of  the 
cranial  and  spinal  nerves,  and  finally  the  autonomic  nervous  system 
consisting  of  the  sympathetic  and  parasympathetic  functional  divisions. 
Both  structurally  and  functionally  these  divisions  overlap. 

The  Structural  Unit  of  the  Nervous  System. — The  unit  of  struc- 
ture of  the  nervous  system  is  the  nerve  cell  or  neuron  (Fig.  57),  a  more 
or  less  stellate-shaped  cell.  The  large  central  mass  of  this  cell  is  known 
as  the  cell  body.  Within  the  center  of  the  cell  body  is  the  nucleus  which 
is  surrounded  by  the  dark-staining  Nissl's  granules.  The  functioning 
of  these  granules  is  somewhat  obscure,  but  possibly  they  serve  as  re- 
serve food  particles.  Extending  from  the  main  cell  body  are  projec- 
tions :    the  dendrites  and  the  axons.     Structurally  these  appear  nearly 


Fig.  57. — The  nerve  cell  or  neuron. 

identical ;  functionally,  however,  they  differ.  They  are  able  to  carry 
nerve  impulses  in  but  one  direction.  The  dendrites  carry  impulses 
into  the  cell  body  and  are  known  as  afferent  processes.  The  axons 
which  carry  impulses  away  are  known  as  efferent  processes.  A  single 
neuron  may  have  several  dendrites,  but  there  is  only  a  single  axon. 
Both  processes  are  able  to  make  connections  with  other  nerve  processes, 
and  in  some  cases  the  ends  of  dendrites  may  function  in  sense  organs 
as  receptors.  While  some  of  these  processes  are  very  long,  others  are 
very  short.  A  long  one,  for  example,  may  extend  from  the  spinal  cord 
to  the  muscles  of  the  foot ;  a  short  one  may  simply  connect  with  the 
processes  of  a  neighboring  cell.     Contacts  with  adjoining  nerve  cells 
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are  made  between  axons  and  dendrites  and  are  known  as  synapses.  An 
impulse  can  pass  in  but  a  single  direction  over  this  synapse,  and  there  is 
normally  some  slowing  of  the  rate  of  conduction  at  this  point.  Nearly 
every  nerve  cell  possesses  several  synapses  with  other  cells. 

Although  the  processes  of  the  neuron  may  extend  to  all  parts  of  the 
body,  the  nerve  cell  bodies  are  concentrated  either  in  the  central  nerv- 
ous system  or  in  masses  known  as  ganglia.  The  masses  of  cell  bodies 
are  known  as  gray  matter  from  their  generally  grayish  appearance. 
The  processes  are  usually  grouped  into  bundles  known  as  nerves  when 
outside  the  central  nervous  system  or  as  yierve  pathways  within  the 
brain  and  spinal  cord.  In  the  brain  and  spinal  cord,  these  masses  of 
processes  are  known  as  white  matter  in  contrast  to  the  cell  bodies  or 
gray  matter. 

The  individual  processes  may  be  either  plain  or  covered  with  a 
sheath  of  fatty  tissue,  the  myelin  sheath,  which  in  turn  is  covered  by 
the  neurolemma,  a  thin  membrane.  The  nerves  with  the  myelin  sheaths 
are  known  as  myelinated  nerves.  The  myelin  sheath  appears  to  act  as 
an  insulator,  and  those  nerves  having  this  sheath  conduct  impulses  more 
rapidly  than  do  those  without  it.  Occasional  breaks,  the  nodes  of 
Ranvier,  occur  in  the  myelin  sheath.  It  has  been  suggested  that  these 
nodes  also  serve  to  increase  the  speed  of  nerve  impulse  conduction. 

Many  of  the  efferent  fibers  or  axons  innervate  the  skeletal  muscles 
where  they  initiate  muscular  contractions.  As  the  fiber  enters  the  muscle 
tissue,  the  myelin  sheath  is  lost.  At  the  junction  between  the  nerve 
and  muscle  fibers  the  sarcoplasm  of  the  muscle  forms  a  mass  beneath 
the  sarcolemma.  This  is  the  motor  plate  which  receives  the  naked  axon. 
This  axon  breaks  up  into  numerous  ramifications.  The  endings  of  the 
afferent  fibers  are  usually  less  specialized  than  this.  Often  they  are 
spindle-shaped  structures,  and  occasionally  they  are  enclosed  within  cap- 
sules. Those  afferent  fibers  which  function  as  sense  organs  are  more 
complex  in  structure. 

The  Functional  Unit  of  the  Nervous  System. — Inasmuch  as  it 
is  very  nearly  impossible  to  discuss  the  anatomy  of  the  nervous  system 
without  referring  to  its  function,  it  is  best  to  describe  briefly  the  func- 
tional unit  of  the  nervous  system,  the  reflex  arc  (Fig.  58).  In  its  sim- 
plest form,  this  reflex  arc  consists  of  an  afferent  neuron  carrying  an  im- 
pulse in  from  a  sense  organ  to  the  spinal  cord,  an  association  neuron 
carrying  the  impulse  across  in  the  cord  to  the  efferent  neuron,  and  the 
efferent  neuron  which  carries  the  impulse  to  the  effector  muscle.     It 
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is  questionable  if  such  a  simple  reflex  arc  actually  ever  exists,  but  all 
activity  except  that  of  the  highest  type  is  composed  of  various  combina- 
tions of  these  simple,  inherited  automatic  responses,  reflexes. 

The  simplest  activity,  such  as  the  burning  of  the  finger  and  with- 
drawing it,  would  actually  involve  a  number  of  these  simple  reflex  arcs. 
In  this  action,  the  conscious  portions  of  the  brain  become  aware  of 
what  has  happened  only  after  the  response  of  the  muscular  movement 
has  occurred.  Another  example  of  this  simple  type  of  reflex  response 
to  a  stimulus  is  the  familiar  knee  jerk  which  occurs  when  the  area  below 
the  knee  is  hit  sharply. 


.DORSAL  FISSURE 


Fig.  58. — Diagram  of  a  reflex  arc. 


The  Central  Nervous  System:  the  Brain. — It  is  among  the 
vertebrates  that  the  great  development  of  a  centralized  controlling 
brain  is  found.  Essentially  the  brain  is  but  a  series  of  enlargements  of 
the  anterior  portion  of  the  dorsal  nerve  cord.  Its  gradual  development 
and  increased  complexity  can  be  traced  through  the  various  vertebrate 
groups. 

Nearly  all  groups  have  the  same  essential  regions.  Beginning  at 
the  anterior  end,  the  regions  are  as  follows :  the  telencephalon,  the 
diencephalon,  the  mesencephalon,  the  metencephalon,  and  the  myelen- 
cephalon. 

Two  main  parts  are  recognizable  in  the  telencephalon.  The  an- 
teriormost  of  these  are  the  olfactory  lobes  w'hich  are  concerned  with  the 
sense  of  smell.  Leading  forward  from  these  lobes  are  the  olfactory 
tracts  which  terminate  anteriorly  in  the  olfactory  bulbs.  From  the 
bulbs,  nerves  pass  to  the  sensory  receptors  in  the  nasal  region.  In  fish 
and  amphibians,  these  lobes  are  a  very  conspicuous  part  of  the  brain, 
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but  in  mammals  they  are  tiny  and  insignificant.  They  are  overshadowed 
by  the  large  dorsal  part,  the  cerebrum.  In  the  mammalian  brain,  the 
olfactory  lobes  are  actually  ventral  in  position  rather  than  anterior. 

The  cerebrum  is  the  largest  and  most  conspicuous  part  of  the  mam- 
malian brain  and  fills  a  large  share  of  the  cranium.  This  condition 
contrasts  with  that  found  among  the  lower  vertebrates  such  as  the  fish 
and  frog,  where  the  cerebrum  is  a  small  inconspicuous  lobe.  In  mam- 
mals, this  lobe  has  become  so  large  that  the  remaining  portions  of  the 
brain  are  considerably  different  in  their  relationships  to  one  another  than 
in  the  fish  or  frog.    The  increasing  size  of  the  cerebrum  (Fig.  59)  is  cor- 
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P"ig.    59. — A   comparative   series    of   vertebrate   brains,    dorsal    views. 
(From  Guyer:     Animal  Biology,  Harper  &  Brothers.) 


related  with  the  increasing  intelligence  of  the  various  vertebrate  groups. 
Man,  theoretically  the  most  thoughtful  of  mammals,  has  the  most  highly 
developed  cerebrum.  From  these  observations  and  experimental  work, 
it  is  clear  that  the  cerebrum  is  concerned  with  what  is  termed  "higher 
thinking." 

The  cerebrum  is  made  up  of  the  two  cerebral  hemispheres  sep- 
arated from  one  another  by  a  deep  median  groove.  In  mammals  each 
hemisphere  is  in  turn  composed  of  several  lobes  which  are  named  ac- 
cording to  the  skull  bone  under  which  they  are  located.  Thus  there  are 
the  frontal,  the  parietal,  the  occipital,  and  the  temporal  lobes.  The  outer 
portion  of  the  cerebrum,  the  cortex,  is  composed  of  gray  matter ;  that  is, 
the  nerve  cell  bodies  are  located  there.    The  surface  of  the  cortex  is  in- 
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creased  by  a  series  of  folds  which  give  it  a  wrinkled  appearance.  These 
folds  or  elevations  are  known  as  gyri  and  are  separated  by  slight  depres- 
sions, sulci. .  Certain  sections  of  the  cortex  can  be  shown  to  be  concerned 
with  voluntary  muscular  activity.  Electrical  stimulation  of  a  specific  por- 
tion will  result  in  certain  definite  movements.  Due  to  this  specificity  of 
control,  various  motor  areas  can  be  mapped  on  the  cortex.  The  mus- 
cular control  is  always  to  the  opposite  side  of  the  body;  thus,  stimula- 
tion of  the  left  side  of  the  brain  will  bring  about  movements  of  the 
voluntary  muscles  of  the  right  side  of  the  body. 
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Fig.  60. — Left  half  of  human  brain.      (From   Guyer:     Animal  Biology, 

Harper  &  Brothers.) 

In  its  functioning,  the  cortex  is  extremely  complex.  In  its  complex- 
ity, it  can  only  be  compared  to  the  central  switchboard  of  a  very  large 
community  where  there  are  innumerable  incoming  and  outgoing  calls 
which  must  be  connected  and  interconnected.  For  the  transference 
of  information  from  one  center  to  another,  there  are  many  nerve  path- 
ways composed  of  white  matter  which  are  large  numbers  of  nerve  cell 
processes.  Chief  of  these  is  the  corpus  callosum,  a  broad  band  which 
connects  the  two  cerebral  hemispheres.  This  structure  is  found  only  in 
the  mammalian  brain.  Ventrally  the  corpus  striatum  forms  most  of 
the  ventral  floor  of  the  telencephalon  and  provides  connections   with 
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the  cerebral  cortex,  the  diencephalon,  and  the  mesencephalon.  The  cor- 
pus striatum  is  composed  of  both  gray  and  white  matter  and  is  much 
more  conspicuous  in  the  brains  of  reptiles  and  amphibians  than  in 
mammals. 

The  second  region  of  the  brain,  the  diencephalon,  consists  of  the 
thalamus,  hypothalamus,  the  genicidaie  bodies,  and  the  pineal  body. 
The  chief  function  of  the  thalamus  is  to  carry  impulses  into  the  cere- 
brum. All  afferent  impulses,  except  those  from  the  olfactory  lobes, 
must  pass  through  the  thalamus  before  going  to  the  cerebrum.  The 
hypothalamus,  which  is  just  below  the  thalamus,  receives  nerve  fibers 
from  the  thalamus,  the  cerebrum,  and  other  regions  and  sends  other 
fibers  to  the  mesencephalon  and  the  myelencephalon.  In  addition,  this 
portion  acts  as  an  integrator  of  the  involuntary  reactions  of  the  auto- 
nomic nervous  system.  In  this  function,  it  helps  in  the  maintenance 
of  body  temperature,  preservation  of  water  balance,  and  regulation 
of  bodily  changes  which  occur  during  emotional  upsets.  Lesions  which 
may  occur  in  this  region  often  result  in  the  individual's  having  violent 
uncontrolled  fits  of  anger. 

Just  ventral  to  the  hypothalamus  is  the  hypophysis  or  pituitary 
body,  an  endocrine  structure  whose  function  will  be  discussed  later. 

Immediately  in  front  of  the  hypophysis  the  optic  nerves  cross  as 
the  optic  chiasma.  Most  of  these  nerve  fibers  terminate  in  the  genicidate 
bodies  rather  than  in  the  mesencephalon.  From  the  geniculate  bodies, 
nerve  tracts  relay  the  visual  impulses  to  the  cerebral  cortex  where  they 
are  interpreted.  The  pineal  body  is  a  small  dorsal  projection  of  the 
diencephalon.  It  has  no  known  function,  although  it  corresponds  in  posi- 
tion to  the  third  eye  of  some  reptiles  and  fish. 

The  mesencephalon  is  the  least  modified  of  all  the  divisions  of  the 
brain.  Essentially  it  consists  of  fiber  tracts  which  connect  the  anterior 
and  posterior  parts  of  the  brain  and  cord.  In  mammals  on  the  dorsal 
surface  is  the  corpora  qiiadrigemina,  a  four-lobed  body.  The  anterior 
pair  of  these  lobes  is  concerned  with  visual  reflexes,  the  posterior 
pair  with  hearing. 

Three  main  regions  form  the  metencephalon:  the  pons,  the  cere- 
bellum, and  three  large  nerve  tracts.  Of  these  three  the  cerebellum 
is  the  most  conspicuous.  This  oval  structure  has  a  central  striated 
portion,  the  vermis,  and  two  lateral  expanded  portions,  the  hemispheres. 
Like  the  surface  of  the  cerebrum,  that  of  the  cerebellum  is  composed  of 
gray  matter  or  nerve  cell  bodies.  A  section  through  the  cerebellum  re- 
veals the  treelike  arrangement  of  the  white  matter  which  bears  the  de- 
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scriptive  name,  the  arbor  vitae.  The  three  large  nerve  tracts  connect  the 
cerehelluni  to  other  portions  of  the  brain.  The  most  anterior  of  these 
three  tracts  connects  the  cerebelhim  with  the  cerebrum ;  the  center  one 
extends  to  the  pons,  and  the  lower  to  the  myelencephalon.  Impulses  ar- 
rive at  the  cerebellum  from  the  motor  centers  of  the  cerebrum,  from  the 
semicircular  canals  of  the  inner  ear,  and  from  the  skeletal  muscles.  Im- 
pulses leaving  the  cerebellum  are  transmitted  to  the  motor  centers  of 
the  cerebrum. 
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Fig.  61. — The  human   brain   as   seen   from   below.      (From    Zoethout  and 
Tuttle:     Textbook  of  Physiology.) 


While  the  actual  control  of  skeletal  muscles  is  effected  by  the  motor 
centers  of  the  cerebrum,  the  coordination  of  the  resulting  movements  is 
made  possible  by  the  activity  of  the  cerebellum.  Injury  to  the  cere- 
bellum results  in  jerky,  uncoordinated  movements  and  loss  of  muscle 
tone.      In   man,   for   example,   cerebellar   injuries   may   make   walking 


Nervous  System  and  Sense  Organs  201 

difficult  due  to  the  lack  of  control  of  the  leg  muscles.  Unlike  the  cere- 
brum, the  control  exercised  by  the  cerebellum  is  on  the  same  side  of 
the  body,  that  is,  the  left  side  of  the  cerebellum  controls  the  coordina- 
tion of  the  voluntary  muscles  of  the  left  side  of  the  body. 

Ventrally  the  lobes  of  the  cerebellum  are  connected  by  the  trans- 
verse fibers  of  the  pons.  Other  longitudinal  fibers  in  this  same  struc- 
ture connect  the  myelencephalon  with  the  cerebrum. 

Only  one  structure  form  the  myelencephalon:  the  medulla  oblon- 
gata. This  functions  as  a  connecting  pathway  between  the  spinal  cord 
and  the  rest  of  the  brain.  All  the  impulses  passing  between  the  brain 
and  the  cord  must  go  through  the  myelencephalon.  In  addition,  there 
are  nerve  centers  which  control  many  reflex  activities  such  as  rate  of 
respiration,  rate  of  heart  beat,  digestion,  and  vasoconstriction  and  dila- 
tion. 

As  has  been  indicated,  all  parts  of  the  brain  are  connected  with 
one  another  through  an  intricate  arrangement  of  nerve  tracts.  Those 
fiber  tracts,  such  as  the  corpus  callosum,  pons,  and  many  others,  which 
cross  the  midline  of  the  brain  to  connect  the  lateral  lobes,  are  called 
commissures.  In  addition  to  the  commissures  there  are  longitudinal 
nerve  tracts  which  run  along  the  base  of  the  brain  to  connect  the  vari- 
ous regions. 

The  interior  of  the  entire  central  nervous  system  of  vertebrates  is 
hollow.  Within  the  brain,  these  spaces  are  much  reduced  in  size  and 
are  present  simply  as  a  series  of  four  ventricles  (Fig.  62).  The  first 
two  of  these  ventricles  are  in  the  cerebrum,  one  in  each  hemisphere. 
These  connect  with  the  third  ventricle  in  the  diencephalon.  A  narrow 
passageway,  the  aqueduct,  in  the  mesencephalon  connects  the  third  ven- 
tricle with  the  fourth  in  the  myelencephalon.  The  fourth  ventricle  con- 
nects directly  with  the  hollow  center  of  the  cord.  Over  the  roof  of  the 
fourth  ventricle  is  a  thin  vascular  membranous  wall,  the  choroid 
plexus. 

The  ventricles  as  well  as  the  hollow  center  of  the  cord  are  filled 
with  a  fluid,  the  cerebrospinal  fluid,  which  is  derived  from  the  blood 
in  the  choroid  plexus.  This  fluid  serves  to  keep  the  nervous  tissues 
moist,  as  a  medium  of  exchange  for  food,  oxygen,  and  waste  materials, 
and  to  equalize  pressures  within  the  central  nervous  system. 

Surrounding  the  brain  and  spinal  cord  are  three  protective  layers 
of  tissue  collectively  known  as  the  meninges.  The  inner-most  of  these 
is  the  vascular  pia  mater  which  follows  the  folds  and  dips  of  the  brain 
and  cord  very  closely.     The  next  layer  is  the  arachnoid,  a  thin  and 
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spiderwebby  tissue  which  passes  over  the  convolutions  of  the  brain 
without  dipping  into  them.  The  outermost  layer,  the  dura  mater,  is 
composed  of  heavy  fibrous  connective  tissue.  It  adheres  closely  to 
the  inside  of  the  skull.  Between  the  arachnoid  and  pia  mater  is  a  space 
filled  with  cerebrospinal  fluid  derived  from  the  connections  with  the 
ventricles.  This  fluid  serves  as  a  pad  to  cushion  the  central  nervous 
system  from  shocks.  An  inflammation  of  any  of  these  meninges  is 
known  as  meningitis. 
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Fig.   62. — Diagrams   of   vertebrate   brain    showing    regions    and    ventricles. 
A,   Dorsal   view;   B,  frontal   section. 


The  Central  Nervous  System:  the  Spmal  Cord. — The  spinal 
cord  has  a  uniform  appearance  throughout  its  length.  At  the  anterior 
end  where  it  is  connected  with  the  medulla,  the  cord  is  widest.  Gradu- 
ally it  tapers  posteriorly,  terminating  in  a  thread-like  process,  the 
filum  terminale.  There  are  but  two  slight  enlargements  along  the 
length  of  the  cord :  the  most  anterior  of  these  is  the  thoracic  enlarge- 
ment where  the  large  nerves  of  the  arms  and  shoulders  arise,  and  the 
lumbar  enlargement  where  the  large  nerves  of  the  legs  arise. 

A  cross  section  (Fig.  63)  through  the  cord  shows  the  arrange- 
ment of  the  parts.  In  the  center  is  a  round  opening,  the  lumen  of 
the  canal  of  the  cord  which  is  continuous  with  the  fourth  ventricle  of 
the  myelencephalon.  Like  the  ventricles  of  the  brain,  this  lumen  is 
filled  with  the  cerebrospinal  fluid.    Around  this  opening  is  an  H-shaped 
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block  of  gray  matter.  Between  and  around  the  gray  matter  is  the 
white  matter.  This  arrangement  of  nerve  cell  bodies  and  processes  is 
the  opposite  of  that  of  the  brain  in  which  the  gray  matter  is  on  the 
outside. 

The  principal  functions  of  the  cord  are  to  relay  messages  to  and 
from  the  brain  and  also  to  act  as  a  reflex  center. 
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Fig.  63. — Cross  section   of  spinal  cord  showing  origin  of  spinal  nerves. 


The  Peripheral  Nervous  System. — The  nerves  which  enter  and 
leave  the  central  nervous  system  compose  the  peripheral  nervous  sys- 
tem. By  means  of  these  nerves  and  the  connecting  nerve  tracts,  the 
various  stimuli  of  the  environment  are  relayed  to  the  proper  places 
and  needed  responses  are  made.  The  nerve  cell  processes  can  carry 
impulses  in  but  one  direction:  those  carrying  the  impulses  toward 
the  central  nervous  system  are  afferent  or  sensory  neurons;  those  car- 
rying impulses  away  are  efferent  or  motor  neurons  (Fig.  58).  These 
processes  are  grouped  into  the  familiar  nerves,  of  which  there  are 
three  possible  types :  the  afferent  or  sensory  nerves  composed  of  den- 
drites ;  the  efferent  or  motor  nerves  made  up  of  axons ;  and  the  mixed 
nerves  composed  of  both  dendrites  and  axons. 

The  nerves  making  up  the  peripheral  system  are  fundamentally 
segmental  in  the  manner  in  which  they  leave  the  brain  and  spinal 
cord.  This  segmental  arrangement  is  more  apparent  in  the  spinal 
nerves  which  are  arranged  in  pairs.  Each  spinal  nerve  is  derived  from 
two  roots  (Fig.  63),  the  dorsal  being  sensory,  the  ventral,  motor.  The 
ventral  root  arises  directly  from  the  ventral  portion  of  the  gray  mat- 
ter of  the  cord  while  the  dorsal  root  has  its  origin  in  a  ganglion  out- 
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side  the  cord.  By  other  processes,  this  ganglion  makes  connections  with 
the  dorsal  portion  of  the  gray  matter  of  the  cord.  These  two  roots 
join  into  a  single  spinal  nerve  which  emerges  from  the  spinal  column 
through  the  intervertebral  foramen.  Clearly,  all  spinal  nerves  are 
mixed  nerves. 

Shortly  after  emerging  from  the  spinal  column,  each  of  these  nerves 
divides  into  three  main  branches :  the  dorsal,  ventral,  and  visceral 
branches.  The  dorsal  branch  innervates  the  muscles  and  skin  of  the 
dorsal  region ;  the  ventral  branch  supplies  the  ventral  body  wall ;  and 
the  visceral  branch  connects  with  the  autonomic  ganglia  and  eventu- 
ally goes  to  the  visceral  organs. 

In  man,  there  are  thirty-one  pairs  of  spinal  nerves.  The  first 
eight  of  these  are  grouped  as  the  cervical  nerves:  one  arises  in  front 
of  the  atlas  and  one  behind  each  of  the  cervical  vertebrae.  The  next 
twelve  pairs  are  the  thoracic  nerves,  one  pair  arising  from  behind  each 
of  the  thoracic  vertebrae.  Similarly,  there  are  five  lumbar  nerves, 
five  sacral,  and  one  coccygeal.  More  effective  innervation  of  certain 
areas  is  achieved  when  portions  of  nerves  or  usually  entire  nerves  com- 
bine to  form  plexuses.  By  so  doing,  an  individual  muscle  may  be 
stimulated  by  several  nerves  or  a  single  nerve  may  in  turn  affect  sev- 
eral different  muscles.  In  man,  there  are  three  principal  plexuses :  the 
cervical,  composed  of  the  first  four  cervical  nerves  for  innervation  of 
the  neck  region ;  the  brachial,  composed  of  the  last  four  cervical  nerves 
and  the  first  thoracic,  all  supplying  the  arm ;  and  the  lumbar-sacral, 
formed  of  the  lumbar  and  sacral  nerves  which  supply  the  leg.  There  are 
minor  variations  in  this  arrangement  in  the  different  mammals. 

The  remainder  of  the  peripheral  nervous  system  is  formed  of  the 
twelve  pairs  of  nerves  which  originate  from  the  brain  (Fig.  61).  These 
are  collectively  termed  the  cranial  nerves.  Many  of  these  innervate  the 
sense  organs  and  have  functions  somewhat  more  specialized  than  those 
of  the  spinal  nerves.  Inasmuch  as  they  are  quite  varied  in  their  function- 
ing and  distribution,  they  are  best  summarized  by  means  of  a  table. 

In  general,  the  function  of  the  peripheral  nervous  system  may  be 
considered  to  be  the  relaying  of  impulses  from  the  various  sense  or- 
gans to  the  central  nervous  system.  Here  they  are  interpreted,  and 
appropriate  impulses  are  initiated.  These  impulses  are  transmitted 
by  the  peripheral  nervous  system  and  stimulate  muscles  or  glands  to 
activity. 
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The  Autonomic  Nervous  System. — Anatomically  the  autonomic 
nervous  system  is  actually  part  of  the  peripheral  nervous  system;  func- 
tionally, however,  it  is  quite  distinct.  Its  function  is  that  of  controlling 
the  activities  of  the  glands,  smooth  muscle  movements,  and  the  heart 
rate.  In  other  words,  it  controls  the  unconscious  automatic  activities 
of  the  visceral  organs.  This  control  is  a  double  one,  that  is,  some  of 
the  fibers  of  this  system  excite,  others  inhibit,  resulting  in  an  elaborate 
system  which  assures  proper  functioning.  In  the  discussion  of  the  rate 
of  the  heartbeat  this  double  innervation  was  particularly  emphasized. 
Such  control   is   equally   important   in   all  the  other   visceral   organs. 


DILATION. 

/^  ~uiii^       \«_CONSTniCTION 

SYMPATHETIC  X  sauvarv^^x^      \  rara- 


r-\v»s<>\  SYMPATHETIC 


SACBAL 
COBD 


Fig.  64. — Diagram    of    the    autonomic    nervous    system. 


The  autonomic  system  thus  consists  of  two  distinct  sets  of  fibers 
which  have  different  origins  (Fig.  64).  Most  of  the  one  set  of  fibers 
originate  from  a  series  of  ganglia  which  lie  ventral  and  lateral  to  the 
spinal  cord  and  outside  the  spinal  column.  These  ganglia,  by  means 
of  synaptic  connections,  are  closely  associated  with  both  the  motor 
and  sensory  portions  of  the  spinal  nerves.  Collectively,  these  ganglia 
and  their  nerve  processes  are  known  as  the  sympathetic  division  of 
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the  autonomic  system.  The  nerve  cell  bodies  are  located  in  the  ganglia. 
Fibers  from  these  ganglia  supply  all  parts  of  the  body,  and  are  un- 
myelinated. 

The  second  portion  of  the  autonomic  nervous  system,  the  para- 
sympathetic division,  has  its  origin  in  the  mesencephalon,  the  myelen- 
cephalon,  and  the  sacral  portion  of  the  spinal  cord.  Like  the  other 
division,  the  nerve  processes  of  the  parasympathetic  division  synapse 
in  ganglia.  In  general,  however,  these  ganglia  are  much  closer  to  the 
organ  which  is  innervated.  The  tenth  cranial  nerve,  the  vagus,  is 
one  of  the  chief  nerves  of  this  division.  Each  of  the  visceral  organs 
has  fibers  innervating  it  from  each  of  these  two  major  divisions. 

Physiologically  these  two  divisions  of  the  autonomic  nervous  system 
are  distinguished  from  one  another. 

The  endings  of  the  nerves  of  the  sympathetic  division  secrete  a 
substance  known  as  sympathin  which  is  similar  in  its  action  to  the 
adrenaline  secreted  by  the  medulla  of  the  adrenal  gland.  The  endings 
of  the  nerves  of  the  parasympathetic  division  secrete  another  material, 
acetylcholine.  The  effect  of  these  materials  on  the  various  organs  ap- 
pears to  be  dependent  to  a  great  extent  upon  the  organs  themselves. 
Thus  sympathin  accelerates  the  heart  but  inhibits  movements  of  the 
digestive  system;  acetylcholine  decreases  the  heart  rate  but  augments 
the  movements  of  the  digestive  tract. 

It  would  appear  that  these  substances  could  spread  from  one 
organ  to  another  as  they  are  liberated  from  the  nerve  endings.  With 
acetylcholine,  at  least,  this  is  prevented  by  the  presence  of  a  special 
enzyme  in  the  blood,  acetylcholine  esterase,  which  immediately  destroys 
the  acetylcholine.  Sympathin  is  not  destroyed  so  rapidly,  but  after 
a  few  seconds  it  is  oxidized  and  becomes  inactive. 

THE  PHYSIOLOGY  OF  NERVE  CONDUCTION 

During  the  discussion  of  the  structure  of  the  nervous  system,  it 
was  necessary  to  refer  to  "nerve  impulses,"  "reflex  arcs,"  etc.;  now 
it  is  worth  while  to  examine  the  exact  nature  of  the  nerve  impulse  and 
its  relationships  to  the  structure  of  the  nervous  system. 

The  Nerve  Impulse.— There  is  still  considerable  question  as  to 
the  exact  nature  of  the  nerve  impulse.  At  present,  however,  the  most 
generally  accepted  theory  is  that  known  as  the  membrane  theory  (Fig. 
65).  According  to  this,  the  surface  of  the  individual  nerve  fiber  is 
a  semipermeable  membrane  which  is  polarized  when  the  nerve  is  at 
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rest,  that  is,  the  membrane  separates  an  outer  layer  of  cations  or  posi- 
tive charges  from  an  inner  layer  of  anions  or  negative  charges.  If  this 
nerve  fiber  is  stimulated,  the  permeability  of  the  membrane  is  increased 
due  to  its  depolarization.  The  section  stimulated  is  then  negative  to 
the  following  polarized  section.  A  current  which  flows  between  these 
two  sections  causes  depolarization  of  the  next  region.  Thus  a  wave 
of  negativity  flows  along:  this  is  the  nerve  impulse.  This  change  of 
polarization  is  accompanied  by  chemical  changes.  The  depolarized  con- 
dition lasts  but  a  short  time  after  the  impulse  has  passed.  During  this 
latter  period,  a  new  impulse  cannot  be  conducted  and  the  nerve  fiber 
is  said  to  be  refractory. 
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Fig.  65. — Diagrams  illustrating  the  membrane  theory  of  nerve  conduction. 
A,  Polarized  nerve  fiber  not  conducting  an  impulse;  B,  a  nerve  fiber  conducting  an 
impulse  from  left  to  right;  part  of  the  fiber  is  depolarized;  C,  as  the  nerve  impulse 
moves  along,  the  fiber  becomes  polarized  again. 

If  a  nerve  fiber  reacts,  it  reacts  completely.  In  this  way  it  is  very 
similar  to  the  individual  muscle  fiber  in  the  manner  in  which  it  obeys 
the  "all-or-none"  law.  The  difference  in  strength  of  nerve  impulse  can 
be  accounted  for  by  the  fact  that  a  single  stimulus  does  not  necessarily 
affect  all  the  nerve  fibers  in  an  individual  nerve. 

The  manner  in  which  the  nerve  impulse  moves  along  a  fiber  has 
often  been  compared  to  the  way  in  which  a  gunpowder  fuse  burns ;  that 
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is,  it  is  self -propagated.  The  energy  for  the  movement  is  taken  from  the 
nerve  fiber  over  which  the  impulse  travels.  The  movement  is  a  very 
rapid,  smooth  one ;  perhaps  it  could  even  be  said  that  the  impulse  "rolls" 
along  the  nerve  as  a  wave  of  negativity,  following  and  preceded  by 
positive  charges  on  the  surface  membrane. 

If  a  single  stimulus  of  a  very  low  intensity  is  applied  to  a  nerve, 
there  will  be  no  response ;  however,  if  a  series  of  stimuli  of  this  same 
low  intensity  is  applied,  the  nerve  will  respond.  It  appears  then  that 
the  phenomena  known  as  summation  occurs  in  nerve  fibers.  Apparently, 
a  small  stimulus  will  cause  but  a  slight  depolarization  of  the  nerve  fiber, 
and  a  series  will  bring  about  complete  depolarization. 

The  speed  at  which  the  nerve  impulse  travels  varies  with  two  main 
factors :  the  diameter  of  the  nerve  fiber  and  the  presence  or  absence 
of  the  myelin  sheath.  \''arious  combinations  of  these  factors  are  utilized 
for  different  functions  in  the  many  different  animal  groups. 

In  mammals,  for  example,  the  speed  of  nerve  transmission  is  high- 
est in  the  large  myelinated  motor  axons.  It  is  least  in  the  nonmyelinated 
small  fibers  of  the  autonomic  system.  An  ordinary  motor  nerve  has  a 
transmission  rate  of  about  120  meters  a  second  while  a  nonmyelinated 
nerve  of  the  autonomic  system  transmits  at  only  10  or  20  meters  a 
second. 

The  interesting  mollusc,  the  squid,  has  nerve  fibers  of  varying 
diameters.  The  rate  of  conduction  of  the  nerve  impulse  varies  di- 
rectly with  the  diameter  of  the  fiber.  The  giant  fiber,  which  has  only 
a  delicate  sheath  but  with  a  diameter  of  nearly  1  mm.,  conducts  at  the 
rate  of  approximately  22  meters  per  second.  The  nerve  fibers  of  the 
squid  that  conduct  impulses  only  short  distances  are  of  much  smaller 
diameter ;  thus  the  squid  has  well-coordinated  control  of  the  various 
parts  of  its  body. 

The  Reflex  Arc. — The  functional  unit  of  the  nervous  system  is 
the  reflex  arc  (Fig.  58)  which  consists  of  a  receptor,  an  afferent  neuron, 
an  association  neuron  in  the  spinal  cord  or  brain,  an  efferent  neuron, 
and  finally  an  effector. 

The  receptor  is  a  structure  which  is  specialized  in  such  a  manner 
that  it  can  respond  to  certain  changes  in  the  environment;  thus  the 
receptors  of  the  ear  respond  to  sound  changes,  those  in  the  eye  to 
changes  in  light  intensity.  There  are  many  of  these  sense  organs 
scattered  throughout  the  body,  and  they  are  actually  the  specialized 
endings  of  afferent  nerve  fibers.     The  effectors  are  either  muscles  or 
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glands  which  respond  to  the  change  which  has  been  noted  by  the 
receptor.  This  change  is  mediated  either  by  the  brain  or  spinal  cord, 
and  the  response  may  be  either  conscious  or  unconscious. 

Some  of  the  simplest,  innate  reflexes  such  as  the  knee  jerk  probably 
involve  only  a  few  reflex  arcs,  and  the  original  stimulus  passes  through 
association  neurons  in  the  cord  and  does  not  go  up  the  nerve  tracts  to 
the  brain  until  after  the  response  has  been  made.  This  is  an  example 
of  an  inherited  or  unconditioned  reflex.  The  learned  or  conditioned 
reflex  is  based  on  the  inherited  reflexes,  but  involves  many  more  arcs 
and  pathways.  An  example  of  a  modified  reflex  was  that  first  studied 
by  the  Russian  physiologist,  Pavlov.  He  noted  that  when  food  was 
presented  to  a  dog  the  salivary  glands  started  secreting.  He  next 
experimented  by  ringing  a  bell  at  the  same  time  that  the  food  was  pre- 
sented. After  some  time,  the  dog  began  to  salivate  when  the  bell 
sounded  even  though  food  was  not  presented.  Pavlov  called  this  the 
conditioned  reflex.  In  this  case,  an  entirely  different  stimulus  evoked 
an  unrelated  response,  and  it  could  be  said  that  learning  had  taken 
place. 

In  making  this  response,  the  dog  had  to  modify  the  pathways  over 
which  the  impulses  bringing  about  salivary  secretion  traveled;  this 
involved  many  synaptic  connections  between  neurons.  At  first  the 
impulses  are  much  delayed  over  the  new  pathways,  but  as  learning 
proceeds,  the  pathways  become  more  easily  traversed  and  gradually 
the  new  response  is  automatic.  This  has  been  suggested  as  the  basis 
of  the  learning  process,  that  is,  existing  synaptic  connections  are  modi- 
fied. Clearly,  constant  repetition  is  the  key  to  the  learning  of  either 
a  process  or  an  abstract  technique. 

As  is  well  known,  all  conscious  activities  are  centered  in  the  cere- 
brum ;  many  common  activities  such  as  walking,  swimming,  and  dancing 
begin  as  cerebral  matters.  Once  they  are  thoroughly  learned,  the  activity 
is  apparently  relegated  to  other  centers.  Cerebral  action  is  needed  to 
begin  the  reflex  chain ;  for  example,  one  consciously  starts  to  walk  and 
then  quickly  forgets  about  it.  After  some  illnesses  which  affect  the 
nervous  system,  such  as  poliomyelitis,  new  nerve  pathways  for  these 
activities  must  be  established. 

Brain  Waves. — All  the  activity  of  the  nervous  system  is  essentially 
electrical  in  nature  and  can  be  detected  by  means  of  the  proper  record- 
ing apparatus.  Inasmuch  as  there  is  such  a  tremendous  number  of 
neurons  present  in  the  brain,  these  electrical  changes  occur  at  all  times. 
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When  these  are  recorded,  the  tracing  is  known  as  an  electroencephalo- 
gram which  is  really  a  recording  of  the  so-called  "brain  waves"  which 
originate  from  the  activity  of  the  neurons  of  the  cerebral  cortex.  These 
waves  are  of  varying  frequency  and  amplitude,  with  the  alpha  waves 
occurring  at  a  rate  of  about  10  per  second,  and  having  the  greatest 
amplitude.  The  beta  waves  which  occur  at  the  rate  of  from  14  to  60 
per  second  are  superimposed  on  the  alpha  waves;  the  delta  waves  are 
those  that  occur  at  a  rate  slower  than  5  per  second.  The  form  and 
frequency  of  these  waves  varies  with  the  activity  of  the  individual. 
Various  mental  disturbances  can  be  detected  by  abnormalities  of  the 
patterns;  thus  they  are  of  some  value  in  psychosomatic  medicine. 

Sleep. — Periodically,  in  normal  individuals,  there  is  a  suspension 
of  consciousness  which  we  term  sleep.  Even  though  the  exact  cause 
and  nature  of  sleep  are  as  yet  unknown,  certain  facts  do  throw  some 
light  on  the  problem.  For  example,  it  is  realized  that  the  depth  of 
sleep  may  vary.  It  deepens  toward  the  end  of  the  first  hour  after  , 
which  it  lessens  sharply  at  first  and  then  more  slowly  until  waking 
occurs.  Dreams  usually  occur  during  the  periods  of  light  sleep  while 
deep  sleep  is  dreamless. 

During  sleep  all  the  senses  are  not  responsive  to  the  same  degree. 
The  unconsciousness  is  greatest  for  smell  and  least  for  hearing,  touch, 
and  pain.  Blood  pressure,  heart  rate,  pulse  rate,  muscle  tone,  and 
respiration  are  all  decreased.  On  the  other  hand,  the  secretion  of 
gastric  juice  and  the  rate  of  digestion  are  little  changed. 

The  theories  as  to  the  causes  of  sleep  are  many.  Some  maintain 
that  the  hypothalamus  is  intimately  concerned  with  the  sleeping  and 
waking  phenomena.  Others  believe  that  the  accumulation  of  waste 
products  in  the  blood  results  in  sleep. 

It  is  known,  however,  that  periodic  sleep  is  absolutely  essential. 
The  amount  needed  varies  with  the  age  and  condition  of  the  individual. 
At  birth,  a  child  sleeps  nearly  twenty-four  hours  except  for  the  brief 
feeding  periods.  The  amount  of  sleep  needed  gradually  decreases  to 
where  an  adult  may  need  only  eight  hours  per  night.  Each  individual 
must  determine  his  own  needs. 

THE  SENSE  ORGANS 

Although  the  central  nervous  system  controls  the  activity  of  the 
body,  it  would  be  unable  to  function  properly  without  receiving  informa- 
tion from  the  outer  environment.     This  information  is  relayed  to  the 
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central  nervous  system  through  afferent  nerves  of  the  peripheral  system. 
The  endings  of  these  nerves  are  variously  specialized  to  respond  to 
changes  of  certain  definite  stimuli ;  for  example,  the  endings  within 
the  eye  respond  to  light  changes,  those  in  the  tongue  to  taste  changes, 
and  some  within  the  skin  to  pressure  changes. 

All  animals  respond  to  changes  within  their  environment  to  vary- 
ing degrees.  Even  among  the  protozoans,  definite  responses  to  light, 
temperature,  and  chemicals  can  be  noted.  For  most  protozoans,  there 
do  not  seem  to  be  specialized  structures  for  the  detection  of  these  changes, 
rather  the  whole  surface  seems  to  respond.  There  are,  however,  in- 
numerable specialized  structures  among  the  various  invertebrate  groups. 
Some  examples  are  the  special  balancing  organs  of  the  jellyfish,  the 
light  sensitive  spots  at  the  tips  of  the  arms  in  the  starfishes,  the  tactile 
"ears"  of  the  flatworm  planaria,  the  antennae  and  complex  compound 
eyes  of  the  insects,  and  the  vertebrate-like  eyes  of  the  squid  and  octopus. 

Among  the  vertebrates  the  sense  receptors  are  developed  to  a  very 
high  degree  for  the  detection  of  environmental  changes  of  all  types. 
Essentially  all  these  receptors  are  but  nerve  endings,  but  many  have 
complex  accessory  structures  to  add  to  their  efficiency.  We  can  only 
understand  the  functions  of  these  organs  in  terms  of  what  we  ourselves 
experience ;  thus  it  is  often  difficult  to  understand  the  exact  nature  of 
some  special  sense  organ  in  another  group  of  animals.  One  example 
of  this  is  the  interpretation  of  the  exact  nature  of  the  lateral  line  sense 
organ  of  many  fish.  Man  has  no  sense  organ  which  corresponds  exactly 
to  this.  From  experimentation,  it  appears  that  this  series  of  nerve 
endings  is  specialized  for  the  detection  of  pressure  changes ;  thus  it  is 
useful  to  the  fish  for  determining  direction  of  flow  and  depth  of  water. 
In  our  earth-bound  existence  we  have  no  need  for  such  a  sense. 

In  its  simplest  form,  a  receptor  is  simply  a  free  nerve  ending,  but 
by  development  of  accessory  structures  and  the  grouping  together  of 
many  nerve  endings,  complex  receptors  such  as  the  eye  and  the  ear 
are  developed.  In  between  these  two  extremes  all  degrees  of  develop- 
ment may  be  found. 

The  sense  organs  may  be  divided  into  two  principal  groups :  those 
which  receive  stimuli  from  the  external  environment,  the  exteroceptors; 
and  those  which  respond  to  stimuli  from  the  internal  environment,  that 
is,  from  within  the  body  itself,  the  interoceptors.  The  exteroceptors 
may  be  further  divided  into  those  which  respond  only  to  direct  stimuli 
and  those  which  can  respond  to  stimuli  at  a  considerable  distance  from 
the  body.    In  the  first  group  can  be  included  those  receptors  for  touch 
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and  cold ;  the  second  group  includes  those  such  as  the  eye  and  ear  which 
may  respond  to  stimuli  originating  at  great  distances. 

The  Exteroceptors  of  the  Skin. — Located  in  the  dermis  of  the 
skin  are  the  special  receptors  for  pain,  pressure,  heat,  and  cold.  These 
are  scattered  over  the  entire  surface  of  the  body,  but  are  more  con- 
centrated in  some  areas  than  in  others.  Thus  the  lips  are  most  sensi- 
tive to  heat,  the  tips  of  the  fingers  to  touch,  and  the  back  of  the  neck 
is  relatively  insensitive. 

Each  individual  receptor  can  receive  only  one  type  of  sensation, 
although  a  single  stimulus  may  evoke  a  reaction  on  the  part  of  more 
than  one  receptor.  For  example,  a  very  hot  object  may  stimulate  both 
the  pain  and  heat  receptors. 


Fig.    66. — Various  sense  receptors.     A,  Free  nerve  ending;  B,  encapsulated 
nerve  ending;   C,  a  taste  bud;  D,  portion  of  olfactory  epithelium. 


The  distribution  of  these  receptors  over  the  body  surface  can  be 
mapped;  for  example,  a  bristle  when  lightly  touched  to  the  skin  will 
be  noticeable  in  some  areas  and  not  in  others;  similarly  a  heated  object 
will  be  detected  only  in  certain  specific  spots.  By  careful  study,  it  has 
been  demonstrated  that  the  receptors  for  pain  and  heat  are  simply  un- 
myelinated free  nerve  endings  scattered  throughout  the  upper  layers 
of  the  dermis  (Fig.  66,A).  The  endings  for  the  detection  of  cold  and 
touch  are  enclosed  in  special  capsules  (Fig.  66,B). 

The  Inter oceptors. — Normally,  an  individual  is  not  aware  of 
sensations  initiating  in  the  visceral  organs.  Occasionally,  however,  ex- 
treme pain  is  experienced.  In  general,  this  pain  is  not  nearly  so  local- 
ized as  in  the  cutaneous  sensation.  The  exact  manner  in  which  this 
pain  occurs  is  not  entirely  clear,  but  it  has  been  suggested  that  the  pain 
fibers  are  not  very  abundant  in  the  visceral  organs,  thus  any  stimulation 
of  them  would  have  to  originate  from  a  fairly  large  area. 
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Some  special  receptors  have  already  been  mentioned,  including  those 
in  the  walls  of  the  auricles  of  the  heart  and  the  carotid  sinus.  In  addi- 
tion to  these,  there  are  receptors  in  the  walls  of  the  stomach  which  give 
rise  to  hunger  sensations,  some  in  the  throat  which  give  the  sensation 
of  thirst,  and  many  others.  In  addition,  there  are  special  end  organs 
in  the  skeletal  muscles  which  are  important  in  the  maintenance  of  body 
position.    This  is  commonly  called  the  kinesthetic  sense. 

Chemical  Receptors. — The  receptors  for  smell  and  taste  stimuli 
are  known  as  the  chemical  receptors  because  they  respond  to  the  stimu- 
lation of  chemicals  in  solution.  Both  senses  are  extremely  sensitive; 
in  some  animals,  the  sense  of  smell  is  especially  well  developed.  In 
the  dog  a  greater  area  is  devoted  to  the  perception  of  odor  than  in  man. 

The  taste  buds  (Fig.  66,C)  are  located  over  the  surface  of  the 
tongue,  the  roof  of  the  mouth,  the  pharynx,  and  the  palate.  Each  taste 
bud  is  a  flask-shaped  organ  located  in  the  epithelial  layer,  and  connected 
to  the  surface  by  means  of  a  short  passage.  It  opens  to  the  outside 
by  means  of  the  small  taste  pore.  Within  the  taste  bud  are  the  taste 
receptors  proper  which  have  fine  hairlike  processes  projecting  into  the 
lumen  of  the  taste  bud.  Unmyelinated  fibers  lead  from  these  receptors 
to  the  brain  where  the  stimulus  is  interpreted  by  the  cerebral  cortex. 

There  are  four  primary  taste  sensations:  sweet,  sour,  bitter,  and 
salt.  There  is  a  specificity  of  reaction  among  the  taste  receptors  with 
each  one  reacting  only  to  one  of  these  taste  stimuli.  Those  which  are 
most  sensitive  to  sweet  and  salt  are  particularly  abundant  at  the  tip  of 
the  tongue;  those  which  respond  to  sour  are  along  the  margins,  while 
those  stimulated  by  bitter  materials  are  toward  the  back.  In  children  the 
taste  buds  are  most  abundant  at  the  tip  of  the  tongue;  perhaps  that 
is  why  they  enjoy  licking  candy. 

The  receptors  for  odors  are  among  the  simplest  of  all  the  sense  re- 
ceptors (Fig.  66,D).  They  are  simply  the  ciliated  end  organs  of  afferent 
nerves.  These  receptors  are  located  in  a  relatively  limited  area  of 
the  nasal  mucosa,  a  convenient  spot  for  the  constant  sampling  of  in- 
coming air  currents.  In  man  they  occupy  an  area  of  about  5  sq.  cm. 
These  receptors  are  constantly  bathed  with  fluid,  thus  the  gases  enter- 
ing are  dissolved  before  affecting  the  sensory  endings. 

Inasmuch  as  the  nasal  and  mouth  cavities  are  so  closely  associated, 
the  senses  of  taste  and  smell  are  often  confused.  The  enjoyment  which 
food  flavors  arouse  is  usually  a  combination  of  stimulation  of  both  of 
these  senses  plus  that  of  the  consistency  of  the  food.     Some  flavors  are 
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in  reality  only  odors ;  for  example,  vanilla  has  no  perceptible  flavor 
but  has  a  definite  odor.  Chloroform,  on  the  other  hand,  is  a  taste  and 
not  an  odor. 

The  Eye. — Of  all  the  sense  organs  which  help  interpret  the  en- 
vironment, the  eye  with  its  reception  of  visual  stimuli  ranks  near  the 
top  in  importance  (Fig.  67).  The  sense  receptors  for  vision  are  located 
in  the  eyeball  and  are  able  to  function  so  efficiently  because  of  the  many 
accessory  structures.  These  many  accessory  structures  make  the  eye 
one  of  the  most  complex  of  the  sense  organs. 


SCLEROTIC  COAT 

CHOROIO  COAT 

RETINA 


CILIARY   BODY. 


Fig.  67. — Section  through  eye. 

The  eyeball  is  well  protected  within  its  bony  socket  in  the  skull. 
In  human  beings,  the  supraorbital  ridge  of  the  frontal  bone  projects 
slightly  over  the  eye.  On  this  ridge  is  a  fleshy  fold  provided  with 
hairs,  the  eyebrow,  which  also  may  have  some  protective  function.  Be- 
low, the  malar  bone  and  part  of  the  maxilla  form  a  ventral  protection. 
Only  the  anteriormost  portion  of  the  eyeball  is  left  relatively  unpro- 
tected, but  inasmuch  as  it  is  set  so  far  back,  accidental  injuries  are 
relatively  rare.  Further,  considerable  flexibility  is  attained  by  the  pres- 
ence of  fibrous  membranes  which  hold  the  eyeball  loosely  in  place  within 
the  bony  socket. 

The  eyeball  toward  the  front  is  given  additional  protection  by  several 
special  structures.  Most  conspicuous  of  these  are  the  tough  eyelids, 
folds  of  skin  which  are  able  to  close  over  the  eye.  The  reflex  for  clos- 
ing these  lids  is  a  very  strong  one,  and  will  occur  when  an  object  is 
simply  passed  close  to  the  eye.     The  borders  of  the  lids  are  equipped 
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with  small  hairs,  the  eyelashes,  which  can  catch  small  particles  of  dust. 
The  inner  portions  of  the  eyelids  are  lined  with  the  conjunctiva,  a 
mucous  membrane,  which  is  also  reflected  over  the  eye.  Inside  the 
eyelid  it  is  reddish  in  color,  but  over  the  eye  itself,  the  conjunctiva  is 
transparent.  The  conjunctiva  makes  possible  the  sealing  ofif  of  the 
entire  eyeball  from  the  possible  penetration  of  foreign  bodies  in  or 
around  it.  At  the  inner  angle  of  the  eye,  the  conjunctiva  forms  a  verti- 
cal fold.  In  some  vertebrates  (the  frog,  for  example)  this  is  extended 
as  a  third  eyelid  or  nictitating  membrane.  Between  the  conjunctiva 
and  the  skin  of  the  eyelid  is  a  heavy  fibrous  layer  containing  numerous 
oil-secreting  glands,  the  meibomian  glands.  Their  oily  secretion  is 
emptied  at  the  base  of  the  eyelashes  and  serves  to  seal  the  eyelids  to  the 
surface  of  the  eyeball  as  they  move  up  and  down. 

The  eyes  are  constantly  washed  and  kept  clean  by  the  secretions 
of  the  tear  or  lacrimal  glands.  These  glands  are  located  in  a  depression 
of  the  frontal  bones  along  the  outer  margin  of  the  orbit.  They  empty 
by  means  of  several  small  ducts  under  the  upper  eyelids.  The  tears 
flow  across  the  front  of  the  eye  and  drain  into  the  small  lacrimal  lake 
at  the  inner  margin.  The  tears  are  then  discharged  by  means  of  the 
nasolacrimal  duct  into  the  nasal  passageways. 

The  movements  of  the  eye  are  made  possible  by  a  series  of  six 
muscles  which  are  able  to  move  the  eyeball  from  side  to  side  and  up 
and  down.  These  muscles  have  their  origin  on  the  bony  socket  and 
their  insertion  on  the  heavy  outer  coat  of  the  eyeball. 

Most  of  the  wall  of  the  eyeball  is  composed  of  three  distinct  coats : 
the  outer  fibrous  or  sclerotic;  the  middle  vascular  or  choroid;  and  the 
inner  nervous  or  retina. 

The  sclerotic  coat  is  formed  of  a  heavy,  opaque,  fibrous,  connective 
tissue  and  surrounds  the  entire  eyeball.  At  the  anterior  portion,  part 
of  this  coat  becomes  transparent  to  form  the  cornea.  The  white  of  the 
eye  is  a  continuation  of  the  opaque  portion  of  this  coat. 

The  intermediate  layer,  the  choroid  coat,  is  a  thin  layer  formed  of 
numerous  anastomosing  capillaries  and  pigment  cells.  The  capillaries 
are  important  for  the  maintenance  of  the  metabolism  of  the  eye,  while 
the  pigment  cells  provide  a  dark  background  for  the  light-sensitive  cells 
of  the  retina.  Their  function  is  similar  to  that  served  by  the  dark 
coating  or  backing  on  a  film :  they  prevent  light  from  reflecting  back 
and  giving  distorted  images.  Like  the  sclerotic  coat,  this  coat  is  also 
highly  modified  at  the  front  of  the  eyeball.  Here  it  is  modified  into 
the  pigmented   iris  and   the   ciliary   body.      In   the   center   of   the   iris 
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diaphragm  is  the  pupil.  The  iris  is  formed  of  two  sets  of  muscles,  one 
dilates,  the  other  contracts ;  by  means  of  their  interaction,  the  size  of 
the  pupil  and  hence  the  amount  of  light  entering  the  eyeball  proper 
is  accurately  controlled.    The  pupillary  reflex  is  thus  important  in  vision. 

Just  behind  the  iris,  the  ciliary  body  is  located.  This  body  is  formed 
chiefly  of  muscle  fibers  arranged  in  a  series  of  tiny  ridges.  It  is  at- 
tached to  the  lens  by  a  series  of  ligaments.  When  these  muscles  con- 
tract, the  tension  on  the  lens  is  reduced  and  the  elasticity  of  the  lens 
allows  it  to  bulge,  bringing  near  objects  into  focus.  The  relaxation  of 
these  muscles  makes  the  lens  flatter,  bringing  distant  objects  into  focus. 
This  adjustment  by  the  ciliary  body  is  known  as  accommodation. 

The  crystalline  lens  is  composed  of  elongated  epithelial  cells  which 
are  formed  into  ribbonlike  fibers.  It  has  no  blood  vessels,  and  is  en- 
tirely dependent  for  nourishment  upon  the  fluids  that  bathe  it.  As 
just  noted,  its  shape  is  altered  by  the  action  of  the  ciliary  body. 

The  innermost  coat  of  the  eye  is  the  retina  which  contains  the  light 
receptors.  This  coat  lines  the  entire  inner  surface  of  the  eyeball  except 
for  the  anterior  portion  where  its  stops  near  the  lens  attachment.  Two 
layers  form  the  retina :  one  is  an  outer  pigmented  layer,  the  other 
is  an  inner  sensitive  region  formed  of  sensory  cells,  nerves,  and  asso- 
ciated structures. 

There  are  three  chambers  within  the  eyeball.  The  anteriormost 
of  these  is  that  between  the  cornea  and  the  iris,  the  anterior  chamber. 
Between  the  iris  and  the  ciliary  body  is  the  posterior  chamber.  Both 
of  these  are  filled  with  a  thin  liquid,  the  aqueous  humor.  Behind  the 
lens  is  the  large  chamber  of  the  vitreous  humor  filled  with  a  viscous 
fluid  bearing  the  same  name. 

Vision  involves  a  number  of  factors :  color,  depth,  distance,  form, 
and  the  perception  of  light.  This  requires  the  coordination  of  the 
action  of  these  many  different  structures  which  have  just  been  described. 
The  actual  perception,  however,  is  done  by  the  light-sensitive  receptors 
of  the  retina.  These  are  of  two  types :  the  rods  and  cones.  The  rods 
have  been  shown  to  contain  visual  purple,  a  reddish  pigment  which 
bleaches  when  exposed  to  light.  This  pigment  is  constantly  regenerated, 
but  its  regeneration  is  dependent  upon  the  presence  of  vitamin  A  in  the 
diet.  The  rods  are  concerned  with  black  and  white  vision  and  number 
about  1 30,000 jOOO  in  the  human  retina.  The  cones,  which  are  concerned 
with  color  vision,  number  about  6,500,000  and  are  not  distributed  so 
generally  over  the  retina.  In  fact,  they  tend  to  be  scarce  except  at  one 
point,  the  jovca  centralis,  a  depressed  region  toward  the  back  of  the 
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eye.  Here  the  cones  are  most  concentrated  and  daylight  vision  is  most 
acute.  In  general,  our  vision  relies  to  a  great  extent  upon  focusing  the 
images  perceived  on  this  fovea  centralis. 

As  can  be  seen,  the  perception  of  objects  is  due  to  the  interaction 
of  these  rods  and  cones,  with  the  rods  perceiving  the  blacks  and  whites 
and  the  cones  the  colors.  At  night  when  colors  are  gradually  lost,  the 
cones  cease  to  function  and  vision  is  mainly  a  matter  of  rod  function. 
Thus  night  vision  can  he  improved  by  looking  side  wise  at  an  object 
rather  than  directly;  that  is,  the  image  should  be  formed  to  one  side 
of  the  fovea  centralis  rather  than  directly  upon  it. 

At  the  point  where  the  optic  nerve  leaves  the  retina  there  are  no 
rods  or  cones.  This  is  called  the  blind  spot  and  no  visual  sensations 
can  be  initiated  there.  This  spot  can  be  demonstrated  by  means  of  a 
simple  experiment.  With  Fig.  68  focus  your  right  eye  on  the  +  while 
your  left  eye  is  closed.  Hold  the  diagram  about  six  inches  away  from 
your  eyes  and  slowly  move  it  away.  At  the  point  where  the  dot  dis- 
appears from  view  the  light  rays  from  the  dot  are  focused  on  your  blind 
spot. 


+ 


Fig.  68. — Demonstration  of  the  blind  spot. 


The  actual  focusing  of  the  image  upon  the  retina  is  accomplished 
by  the  crystalHne  lens.  By  action  of  the  ciliary  muscles,  the  shape  of 
the  lens  is  altered.  Thus  accommodation  is  dependent  upon  the  action 
of  these  muscles  and  the  elasticity  of  the  lens,  and  varies  in  different 
individuals  of  varying  ages.  For  near  vision,  the  lens  bulges,  while  for 
distant  vision  it  flattens.  The  rays  of  light  from  an  object  are  bent 
by  the  lens  so  that  they  converge  on  the  retina.  As  the  rays  enter 
the  eye,  they  cross  one  another  and  an  inverted  image  is  formed  on 
the  retina.  Through  learning,  this  image  is  interpreted  by  the  brain 
in  such  a  way  that  objects  are  seen  in  their  correct  relationships. 

The  quantity  of  light  entering  the  eye  is  regulated  by  the  size  of 
the  pupil  which  in  turn  is  determined  by  the  pupillary  reflex.  In  bright 
light  the  pupil  is  small,  in  dim  light  it  is  large.  This  pupillary  reflex 
also  works  closely  with  the  accommodation  mechanism.  In  accommo- 
dating for  near  objects,  the  pupil  is  small  and  allows  less  light  to 
enter;  for  far  objects,  a  maximum  amount  of  light  is  admitted. 
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In  its  action,  the  eye  is  very  similar  to  a  camera.  The  amount  of 
light  entering  is  controlled  by  the  diaphragm  of  the  camera,  and  the 
focusing  is  done  by  the  lens  on  to  the  sensitive  film.  One  fundamental 
difiference  ocurs  here,  however;  in  the  camera,  focusing  is  accomplished 
by  varying  the  distance  from  the  lens  to  the  film.  For  near  objects, 
the  lens  is  moved  away  from  the  film;  for  far  objects,  it  is  moved  closer. 
The  human  eye  accomplishes  this  same  result  by  varying  the  shape  of 
the  lens.  Depth  of  focus  or  perception  is  attained  in  a  similar  manner 
for  both :  the  opening  of  the  diaphragm  or  iris  is  controlled.  Greater 
depth  for  near  objects  is  attained  by  limiting  the  amount  of  light  ad- 
mitted; for  far  objects,  such  control  is  not  necessary. 

In  spite  of  the  efficiency  of  our  method  of  accommodation,  it  is 
not  unreasonable  to  assume  that  equal  efficiency  could  have  been  at- 
tained by  varying  the  position  of  the  lens.  And,  in  fact,  this  method 
is  found  in  some  animals.  In  amphibians,  the  lens  moves  forward  to 
adjust  for  near  objects;  in  most  fish,  the  lens  moves  backward  to  adjust 
for  far  objects. 

Depth  perception  in  human  beings  is  due  to  the  position  of  the 
eyes  and  the  fact  that  two  separate,  overlapping  images  are  perceived. 
This  binocular  vision  also  is  of  great  aid  in  judging  distances.  In 
animals  which  have  their  eyes  at  a  distance  from  one  another,  two 
images  entirely  separated  must  be  perceived. 

Many  of  the  common  difficulties  with  vision  are  due  to  struc- 
tural defects  of  the  eye.  With  increasing  age,  the  accommodating  ability 
of  the  lens  and  ciliary  body  decreases.  The  eyes  of  young  children, 
for  example,  can  focus  from  two  inches  to  infinity ;  those  of  an  adult 
from  eight  inches  to  infinity ;  while  in  old  age  near  vision  is  often  im- 
paired due  to  the  hardening  of  the  crystalline  lens  and  the  resulting 
loss  of  elasticity.    Farsightedness  is  thus  a  concomitant  of  old  age. 

In  the  farsighted  person,  the  light  rays  after  passing  through 
the  lens  meet  in  a  position  slightly  behind  the  retina;  in  the  near- 
sighted person,  the  image  focuses  slightly  in  front  of  the  retina. 
Both  of  these  conditions  can  be  corrected  by  proper  lenses,  a  convex 
lens  for  the  farsighted  eye  and  a  concave  one  for  the  nearsighted  eye. 

An  even  commoner  defect  than  these  is  that  of  astigmatism  in 
which  the  refractive  power  of  the  lens  or  cornea  is  not  the  same.  In 
other  words,  the  curvature  of  either  or  both  of  these  two  surfaces  is 
such  that  the  light  rays  entering  the  eye  are  deflected  unequally.  Some 
focus  in  front  of  the  retina,  others  behind.  When  a  person  with 
this  condition  looks  at  parallel  radiating  lines,  one  portion  will  be  in 
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sharp  focus,  another  set  will  be  focused  either  in  front  of  or  behind 
the  retina  and  will  be  fuzzy.  This  condition  also  is  remedied  by 
proper  lenses. 

The  Auditory  Mechanism. — For  most  terrestrial  animals,  the 
ability  to  detect  air-borne  vibrations  is  of  great  survival  value.  Except 
for  the  snakes,  nearly  all  of  the  terrestrial  vertebrates  have  some  sort 
of  auditory  mechanism.  The  snakes,  although  unable  to  detect  air-borne 
vibrations,  are  quite  sensitive  to  ground  vibrations ;  thus  it  is  unsafe 
to  assume  that  they  cannot  detect  approaching  footsteps.  In  mammals 
and  birds,  the  sense  of  hearing  is  extremely  acute. 


semicircuTar 
canals 


pharynx     'i^r 


Fig.  69. — A  section  through  the  ear  of  man.     (By  permission  from  General 
Zoology  by  Storer,  copyright,  1951,  McGraw-Hill  Book  Company,  Inc.) 


In  mammals,  the  ear  is  composed  of  three  principal  regions :  the 
outer,  the  middle,  and  inner  (Fig.  69).  The  outer  ear  is  formed  of  a 
flap  of  skin,  the  pinna,  supported  by  elastic  cartilages,  and  a  passage- 
way, the  external  auditory  canal,  for  the  passage  of  sound  vibrations  to 
the  middle  ear.  In  man,  the  pinna  is  not  of  too  much  importance,  for  it 
is  quite  small  and  cannot  be  moved  although  the  muscles  for  moving  it 
are  still  to  be  found.  Only  a  few  talented  persons  can  perform  the 
interesting  trick  of  "wriggling"  their  ears.  In  an  animal  such  as  the 
dog,  however,  the  pinna  can  be  moved  in  order  to  collect  sound  waves 
more  effectively.  This  undoubtedly  also  aids  in  localizing  sounds,  a 
feat  we  can  perform  only  by  moving  or  tilting  the  head. 

The  external  auditory  canal  is  a  short  passageway  which  ter- 
minates at  the  eardrum  or  tympanic  membrane.     Within  it  are  wax 
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glands  which  keep  the  canal  moist  as  well  as  collect  dust  and  other 
foreign  particles.  Hairs  within  this  canal  also  help  to  remove  foreign 
objects. 

Between  the  tympanic  membrane  and  the  inner  ear  is  the  air- 
filled  middle  ear.  This  chamber  is  actually  a  heritage  from  the  embry- 
onic gill  pouches.  As  such,  it  retains  its  connection  with  the  pharynx 
through  the  Eustachian  tube.  By  means  of  this  tube,  the  air  pressure 
on  both  sides  of  the  eardrum  is  kept  equal.  The  opening  of  this  tube 
from  the  pharynx  is  closed  except  during  swallowing,  yawning,  or  blow- 
ing of  the  nose.  Unfortunately  this  connection  with  the  mouth  pre- 
sents certain  disadvantages,  for  infections  of  the  throat  can  easily  pass 
into  the  Eustachian  tube  and  then  into  the  middle  ear.  If  one  ascends 
a  mountain  rapidly  or  flies  in  an  airplane,  some  discomfiture  is  ex- 
perienced in  the  middle  ear  due  to  the  trapping  of  air.  The  discom- 
fiture is  due  to  the  expansion  of  the  trapped  air  and  can  be  relieved 
by  forcibly  opening  the  Eustachian  tube.  During  some  respiratory 
infections,  the  tube  may  be  plugged  with  mucus  and  give  a  sensation 
of  partial  deafness  due  to  the  une(fual  pressure  against  the  tympanic 
membrane.  The  inequality  of  pressure  in  this  case  is  due  to  the  fact 
that  the  air  trapped  in  the  middle  ear  is  gradually  absorbed  by  the 
blood. 

The  air-borne  vibrations  are  transmitted  to  the  inner  ear  across 
the  middle  ear  by  a  series  of  three  small  bones :  the  malleus  or  hammer, 
the  incus  or  anvil,  and  the  stapes  or  stirrup.  The  malleus  is  fixed  to 
the  eardrum  and  connects  with  the  incus.  The  long  process  of  the  incus 
connects  to  the  stapes  which  is  in  turn  fixed  to  the  membrane  of  the 
oval  window  of  the  inner  ear. 

The  inner  ear  consists  of  two  main  regions :  the  cochlea  which  is 
concerned  with  hearing,  and  the  semicircular  canals  which  are  con- 
cerned with  balance.  This  portion  of  the  ear  is  imbedded  within  the 
petrous  portion  of  the  temporal  bone  in  the  winding  cavities  known  as 
the  bony  labyrinth.  In  one  part  of  these  cavities  is  the  cochlea,  in  the 
other  the  semicircular  canals.  Between  these  two  structures  is  a  con- 
necting portion,  the  vestibule,  which  consists  of  two  small  sacs,  the 
sacculus  and  the  utriculus.  The  sacculus,  in  part,  gives  rise  to  the 
cochlea. 

The  cochlea  is  a  membranous  structure  lying  in  the  bony  labyrinth. 
Due  to  its  spiral  shape  it  is  often  named  the  snail  shell.  If  the  cochlea 
were  uncurled  it  would  be  seen  to  consist  of  three  canals :  the  vestibu- 
lar, the  tympanic,  and  the  cochlear.     The  inner  tympanic  canal  is,  in 
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part,  separated  from  the  other  two  by  means  of  a  bony  shelf  which  ex- 
tends partially  across  from  the  central  axis.  The  vestibular  and 
cochlear  canals  are  separated  from  one  another  by  a  membrane.  The 
vestibular  and  tympanic  canals  are  filled  with  perilymph,  while  the 
cochlear  canal  is  filled  with  endolymph.  The  vestibular  canal  is  sep- 
arated from  the  midde  ear  by  the  membrane  of  the  oval  window,  while 
the  tympanic  canal  is  separated  by  the  membrane  of  the  round  window. 
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Fig.  70. — A  diagrammatic  cross  section  of  the  cochlea. 

The  bony  shelf  which  partly  separates  the  canals  is  completed  in 
the  region  of  the  cochlear  canal  by  means  of  a  membrane,  the  basilar 
membrane.  Located  on  this  membrane  is  the  organ  of  Corti  (Fig.  71), 
a  series  of  sensory  hair  cells  projecting  into  the  endolymph  of  the 
cochlear  canal.  From  the  basilar  membrane,  the  tectoral  membrane 
projects  into  the  cochlear  canal  above  the  sensory  endings  of  the  hair 
cells. 

Sound  vibrations  are  transmitted  from  the  tympanic  membrane 
to  the  malleus,  incus,  and  finally  to  the  stapes.  The  stapes  by  means 
of  its  attachment  to  the  membrane  of  the  oval  window  sets  the  peri- 
lymph of  the  vestibular  canal  into  motion.  These  vibrations  pass  into 
the  tympanic  canal  which  now  sets  up  vibrations  in  the  basilar  mem- 
brane. The  basilar  membrane  in  turn  sets  the  membrane  separating 
the  vestibular  and  cochlear  canals  into  motion.  The  vibrations  thus  set 
up  in  the  endolymph  cause  the  tectoral  membrane  to  vibrate  and  afifect 
the  hair  cells  of  the  organ  of  Corti.  The  spent  vibrations  are  absorbed 
by  the  membrane  of  the  oval  window. 
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The  perception  of  various  tones  has  been  best  explained  by  the 
Helmholts  theory.  According  to  this  theory,  the  fibers  composing  the 
basilar  membrane  are  of  various  lengths,  varying  from  the  longest  at 
the  apex  of  the  cochlea  to  the  shortest  at  the  base.  These  fibers  are 
thought  to  vibrate  individually,  with  the  shorter  fibers  being  sensi- 
tive to  low  tones  and  the  longer  ones  to  high  tones.  The  vibrations 
set  up  in  these  fibers  would  be  similar  to  those  of  the  strings  of  a  piano 
or  harp. 


SPIBAC  LIGAMENT 


Fig.  71. — The  organ  of  Corti. 


While  air  is  the  best  method  of  conducting  sound  waves  to  the 
cochlea,  vibrations  may  be  also  conducted  by  the  bones  of  the  head. 
This  is  the  basis  of  some  hearing  aids.  These  are,  of  course,  only  of 
use  in  cases  where  the  auditory  nerve  or  the  cochlea  are  not  permanently 
damaged.  If  these  latter  two  are  damaged,  hearing  aids  may  be  of 
no  value. 

The  Balancing  Mechanism. — While  the  sacculus  gives  rise  to 
the  cochlea,  the  utriculus  gives  rise  to  the  semicircular  canals  which 
are  embedded  into  the  other  portion  of  the  bony  labyrinth  and  are 
filled  with  endolymph.  There  are  three  semicircular  canals  in  each  ear, 
superior,  posterior,  and  horizontal,  with  each  lying  at  right  angles  to 
the  other.  One  pair  thus  is  in  each  possible  plane  of  movement.  At 
one  end  of  each  semicircular  canal  is  an  enlarged  portion,  the  ampulla, 
within  which  are  special  columnar,  ciliated  epithelial  cells.  At  the 
top  of  each  group  of  epithelial  cells  is  a  gelatinous  mass  into  which 
the  ciha  project.  Within  the  utriculus  and  sacculus  are  other  sensory 
epithelial  cells  similar  to  these.  Among  these  cilia  are  found  a  number 
of  small  concretions  formed  of  calcium  carbonate  and  known  as  otoliths. 
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The  movements  of  the  head  and  body  cause  the  endolymph  to  be 
agitated.  These  movements  of  the  endolymph  in  the  semicircular 
canals  set  up  vibrations  in  the  cilia  of  the  epithelial  cells  of  the  ampullae, 
the  sacculus,  and  the  utriculus.  These  are  the  sensory  receptors  which 
by  means  of  one  branch  of  the  auditory  nerve  transmit  their  impulses 
to  the  brain,  giving  rise  to  the  sensation  of  balance.  Although  these 
sensory  endings  are  functional  without  the  otoliths,  they  appear  to 
be  more  sensitive  when  the  otoliths  are  present. 

These  sense  organs  are  primarily  concerned  with  the  position  of 
the  head,  but  their  function  of  keeping  the  body  in  proper  balance  is 
coordinated  with  the  receptors  in  the  muscles  of  the  body  and  with 
visual  impressions. 

Normally  man  moves  in  a  horizontal  plane  and  experiences  no 
discomfiture  due  to  the  movements  of  the  endolymph  in  the  semi- 
circular canals.  However,  when  the  movements  become  vertical  ones 
—such  as  those  occurring  in  the  rocking  boat — actual  nausea  and 
vomiting  may  occur.  This  nausea  can  be  alleviated  to  some  degree 
by  lying  down,  for  then  the  movements  are  of  a  more  usual  type.  The 
exact  causes  of  the  nausea  are  not  established. 


CHAPTER  13 

THE  ENDOCRINE  SYSTEM 


There  are  two  great  coordinating  systems  within  the  body  whose 
function  is  to  integrate  the  action  of  all  the  various  parts  into  a  unified 
whole.  One  of  these  systems,  the  nervous,  which  exercises  control  by 
means  of  neurons,  has  already  been  considered.  The  other  is  the 
endocrine  which  exercises  its  control  by  means  of  chemical  secretions. 
The  endocrine  system  is  composed  of  glandular  masses  of  tissue  scat- 
tered throughout  the  body.  These  particular  glands  are  ductless,  that 
is,  they  empty  their  products  directly  into  the  blood  stream.  In 
contrast  to  them  are  the  exocrine  glands,  such  as  those  of  the  digestive 
system,  which  deliver  their  products  to  a  specific  point  by  means  of 
ducts.  The  products  of  the  endocrine  glands  are  known  as  hormones, 
a  term  derived  from  the  Greek  w^ord  hormaein  meaning  to  excite.  Al- 
though this  is  not  an  entirely  correct  name — for  often  enough  the  hor- 
mones actually  act  as  depressants — it  does  emphasize  their  powerful 
efifects.  As  these  hormones  are  exceedingly  potent,  a  very  small 
amount  may  cause  tremendous  effect  upon  the  physiology  of  the  cells. 

Since  the  products  of  the  endocrine  glands  are  carried  in  the 
blood  stream,  they  come  in  contact  with  all  parts  of  the  body.  This 
is  in  striking  contrast  to  the  glands  with  ducts  which  deliver  their  prod- 
ucts directly  to  the  part  to  be  affected.  Some  endocrines  are  very 
general  in  their  action,  affecting  all  cells  of  the  body;  others  are  quite 
specific.  Thus  thyroxin,  elaborated  by  the  thyroid,  exercises  control 
over  the  metabolism  of  every  cell  of  the  body,  while  secretin,  produced 
in  the  wall  of  the  intestine,  affects  only  the  cells  of  the  pancreas  and 
liver. 

While  a  large  body  of  knowledge  about  many  of  these  glands  has 
been  accumulated,  their  relationships  are  so  complex  that  much  re- 
mains to  be  learned.  In  fact  there  are  some  endocrine  glands  so  poorly 
understood  that  their  secretion  or  function  is  not  at  all  certain.     The 
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reason  for  this  is  easily  understood  when  the  problems  of  experimenta- 
tion with  these  glands  are  considered.  One  very  obvious  technique  is 
the  actual  surgical  removal  of  the  gland  with  a  study  of  the  resultant 
physiological  changes.  For  example,  a  gland  is  removed  and  shortly 
after  that  the  blood  pressure  is  lowered.  It  might  then  be  assumed 
that  the  gland  probably  had  some  control  of  blood  pressure.  Even 
this  initial  experimentation,  however,  has  many  inherent  difficulties. 
Many  glands  are  located  so  deeply  within  other  organs  that  surgical 
removal  may  injure  other  tissues.  It  is  not  always  possible  to  be  sure 
that  the  effect  of  gland  removal  is  being  studied  or  only  some  post- 
operative effect.  Also  many  glands  are  actually  double ;  for  example, 
the  adrenal  is  composed  of  two  parts  each  with  an  entirely  separate 
secretion  and  function.  Another  difficulty  that  may  be  encountered 
is  that  some  glands  are  very  closely  associated  with  one  another.  To 
illustrate  this,  the  first  operations  on  the  thyroid  were  fatal  in  some 
animals.  It  was  not  until  much  later  that  it  was  learned  that  buried  in 
the  thyroid  tissue  was  another  smaller  gland,  the  parathyroid.  It 
was  the  removal  of  this  latter  gland  that  caused  the  death  of  the  ex- 
perimental animal.  Again,  the  secretions  of  a  gland  may  be  so  com- 
plex that  it  is  difficult  to  isolate  single  effects.  And  last,  the  secre- 
tions may  stimulate  other  glands  and  give  secondary  effects. 

Once  the  effects  of  extirpation  of  the  gland  are  established,  the 
next  experimental  procedure  is  to  administer  extracts  of  the  gland 
to  observe  if  the  changes  resulting  from  removal  are  alleviated.  This 
is  a  check  which  helps  to  determine  whether  it  is  the  gland  or  some 
secondary  effect  that  is  being  observed.  As  a  final  step,  chemical  analy- 
sis and  possible  synthesis  of  the  hormone  give  a  more  nearly  complete 
knowledge  of  its  function  and  nature.  These  latter  steps  have  been 
accomplished  for  only  a  few  glands ;  however,  this  information  is  of 
great  medical  importance.  Thus  the  knowledge  of  the  endocrines, 
limited  as  it  is,  has  contributed  much  to  medical  practice. 

In  a  healthy  animal,  the  endocrine  system  aids  the  nervous  system 
in  keeping  all  parts  in  close  coordination.  The  endocrines  must  secrete 
definite  amounts  of  their  products.  Even  a  slight  over-  or  undersecretion 
may  produce  drastic  effects.  Much  of  the  knowledge  of  these  glands  has 
been  gathered  from  observations  of  these  naturally  occurring  abnormal- 
ities. If  a  gland  fails  to  produce  an  adequate  amount  of  its  products, 
it  is  said  to  be  hypofunctioning  ( hypo = below)  ;  if  it  secretes  too  much, 
it  is  hyperfunctioning  ( hyper = above).     Both  of  these  conditions  can 
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often  be  produced  experimentally,  the  hypofunctioning  by  actual  re- 
moval of  the  gland  and  the  hyperfunctioning  by  administration  of  the 
hormone. 

There  are  many  glandular  masses  scattered  throughout  the  body 
which  are  probably  endocrine  in  nature.  About  many  of  these  there  is 
so  little  known  that  we  shall  confine  our  discussion  to  the  large  glands 
whose  functioning  is  clearer.  Most  of  the  description  will  be  of  the 
endocrine  glands  of  mammals ;  however,  it  must  be  understood  that 
endocrine  control  is  of  equal  importance  in  the  life  of  all  animals  and 
even  in  plants. 
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Fig.  72. — The  endocrine  system  of  man,  showing  the  location 

of  the  glands. 


THE  FUNCTION  OF  THE  ENDOCRINE  SYSTEM 

Briefly,  the  function  of  the  endocrine  system  can  be  summarized 
by  pointing  out  that  it  aids  the  nervous  system  in  coordinating  the 
many  diverse  activities  of  the  organism. 
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THE  THYROID  GLAND 

The  thyroid  gland  is  a  vascular  mass  of  tissue  located  near  the 
junction  of  the  larynx  and  trachea.  In  human  beings,  it  consists  of  two 
lobes,  which  are  on  the  anterior  surface  of  the  trachea.  One  lobe  is 
located  on  either  side  of  the  trachea,  and  they  are  connected  by  means 
of  a  narrow  isthmus.  Normally  the  gland  weighs  from  25  to  40  grams, 
its  size  varying  with  the  age,  state  of  health,  diet,  and  habitation  of 
the  individual. 

The  gland  is  well  supplied  with  blood  vessels ;  in  fact  it  has  one 
of  the  richest  supplies  of  blood  of  any  organ  in  the  body.  Two  layers 
of  connective  tissue  surround  it,  the  inner  adheres  very  closely  to  the 
surface,  while  the  outer  is  continuous  with  the  fascia  of  the  region. 

Histologically,  the  gland  is  composed  of  a  large  number  of  prom- 
inent spherical  follicles  filled  with  a  colloidal  material.  Lining  the 
follicles  is  a  single  layer  of  cuboidal  or  low  columnar  epithelium  which 
secretes  the  hormone  iodothyroglohulin  containing  the  active  principle 
thyroxin.  The  colloidal  material  in  the  follicles  is  condensed  iodo- 
thyroglohulin. 

The  Function  of  the  Thyroid  Gland. — In  many  respects,  the 
secretion  of  the  thyroid  gland  may  be  considered  to  be  one  of  the  most 
important  of  the  hormones,  for  it  affects  every  cell  in  the  body.  It 
affects  every  cell  due  to  the  fact  that  in  some  way  its  hormone  regulates 
the  rate  of  oxidation  of  foodstuffs  to  produce  heat  and  energy.  Due 
to  this  all-pervading  influence,  the  effects  of  either  over-  or  under- 
secretion  of  this  important  gland  soon  become  noticeable. 

While  the  general  function  is  to  control  the  rate  of  metabolism  of 
the  whole  body,  it  has  many  secondary  effects  such  as  influence  over 
the  rate  of  the  heartbeat,  rate  of  respiration,  blood  pressure,  and  fat 
deposition. 

The  Composition  of  Iodothyroglohulin. — There  are  but  few 
of  the  hormones  whose  composition  is  well  known.  Thyroxin,  the 
active  principle  of  iodothyroglohulin,  has  the  unique  distinction  of  being 
one  of  the  few  hormones  that  has  actually  been  synthesized.  Thyroxin 
is  an  amino  acid,  and  has  an  empirical  formula  of  C1BH11O4NL.  From 
this  formula,  it  can  be  seen  that  the  element,  iodine,  is  an  essential 
part  of  the  molecule ;  in  fact  it  forms  about  65  per  cent  of  thyroxin. 
The  importance  of  the  iodine  in  the  molecule  is  further  emphasized  by 
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the  fact  that  if  the  iodine  is  replaced  by  hydrogen,  the  resulting  mate- 
rial fails  to  function  as  the  hormone. 

When  sufficient  iodine  is  not  supplied  to  an  animal,  a  hypo  condi- 
tion may  soon  result.  This  condition  is  more  prevalent  in  areas 
where  the  soil  is  deficient  in  iodine.  Since  the  ultimate  source  of  all 
our  iodine  is  from  the  sea,  areas  remote  from  the  sea  are  likely  to  have 
an  iodine-deficient  soil  unless  in  former  geologic  periods  the  sea  covered 
the  area.  Through  much  of  the  Middle  West,  the  sea  did  cover  the 
land  at  one  time,  but  subsequent  glaciation  and  leaching  removed  this 
valuable  element.  The  so-called  "goiter-belt"  thus  extends  through 
much  of  the  Middle  West.  Other  areas  where  iodine  deficiencies  exist 
are  the  mountainous  regions  of  Europe,  much  of  the  mountainous 
area  of  Central  America,  the  Andean  plateau,  and  many  others. 

Since  about  1922,  the  simple  expedient  of  adding  iodine  to  common 
table  salt  has  alleviated  much  of  the  thyroid  difficulty.  The  inclusion 
of  sea  foods  and  better  eating  habits  have  also  been  of  great  im- 
portance. 

Much  of  our  present  knowledge  of  thyroid  functioning  has  been 
accomplished  by  means  of  radioactive  iodine.  It  has  been  well  known 
for  many  years  that  all  cells  contain  traces  of  iodine,  but  that  the 
thyroid  gland  has  a  much  larger  amount.  When  radioactive  iodine  is 
injected  into  an  animal  such  as  a  rabbit  within  ten  to  fifteen  minutes' 
time  the  thyroid  has  its  share  of  the  iodine.  This  tagged  element  acts 
as  a  perfectly  normal  element  in  the  body  except  that  its  radiations 
make  it  possible  to  detect  the  passage  of  the  material  from  one  site 
to  another.  The  affinity  of  the  thyroid  tissue  for  the  iodine  has  also 
been  useful  in  the  treatment  of  cancer  of  the  thyroid.  Radioactive  iodine 
is,  of  course,  quickly  picked  up  and  carried  to  the  site  where  it  can  do 
its  work  most  effectively. 

The  Effects  of  Hypoactivity. — Obviously,  an  inadequate  secre- 
tion of  iodothyroglobulin  by  the  cells  of  the  follicles  will  result  in  a  gen- 
eral lowering  of  the  metabolism  of  the  organism.  This  is  accompanied 
by  many  secondary  effects  including:  slower  heart  beat,  lower  blood 
pressure,  a  slow  rate  of  respiration,  increased  deposition  of  fat,  dry 
skin,  and  general  lack  of  vigor  and  alertness.  Depending  upon  the 
age  and  general  condition  of  health  of  the  individual,  the  exact  disease 
resulting  from  this  hypofunctioning  varies. 

Any  enlargement  of  the  thyroid  gland  is  usually  called  a  goiter. 
This  response  may  be  either  due  to  increased  demands  of  the  body  for 
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the  hormone,  excessive  secretion  of  the  gland  resulting  in  a  hyper  con- 
dition, as  a  response  to  excess  amounts  of  proteins,  fat,  and  calcium 
in  the  diet,  or  to  an  insufficient  iodine  supply  for  the  elaboration  of  the 
hormone.  This  last  type  is  known  as  simple  goiter  which,  until  the 
addition  of  iodine  to  table  salt,  was  extremely  common  through  the 
"goiter  belt"  of  the  United  States.  For  some  reason,  simple  goiter 
occurs  more  frequently  among  women  than  among  men. 

If  hypoactivity  of  the  thyroid  gland  occurs  during  adulthood  the 
disease  myxedema  may  result.  In  this  disease,  the  epithelium  of  the 
follicle  is  degenerate  in  appearance  and  the  cavities  are  filled  with 
a  colloid  material  deficient  in  iodine.  The  typical  symptoms  of  hypo- 
activity  occur  in  myxedema :  decreased  basal  metabolism,  slow  pulse, 
low  blood  pressure,  mental  deterioration,  and  obesity.  The  skin  feels 
very  cold  and  dry,  and  the  individual  has  a  subjective  feeling  of 
being  cold.  Usually  relief  of  this  condition  is  obtained  by  administer- 
ing desiccated  thyroid  material. 

This  same  hypoactivity  can  occur  in  the  very  young.  Then  the 
condition  is  known  as  cretinism.  In  these  individuals,  there  is  failure 
to  develop  both  mentally  and  physically.  Dwarfism  may  even  result. 
In  this  disease,  as  in  myxedema,  the  thyroid  is  atrophied.  It,  too, 
can  be  treated  by  carefully  supervised  thyroid  medication. 

The  Effects  of  Hyperactivity. — At  times,  the  thyroid  gland  be- 
comes overactive  and  produces  an  excessive  amount  of  the  hormone. 
Occasionally,  the  gland  is  actually  enlarged,  but  more  usually  it  re- 
mains more  or  less  the  normal  size.  If  enlarged,  the  name  exoph- 
thalmic goiter  is  used. 

Fundamentally  the  deleterious  effects  of  this  oversecretion  are  due 
to  the  increased  rate  of  metabolism.  This  secondarily  results  in  in- 
creased heart  rate,  increased  blood  pressure,  increased  rate  of  respira- 
tion, general  nervous  instability,  and  at  times  protruding  eyeballs. 
The  cause  of  this  condition  has  been  variously  explained,  and  per- 
haps is  due  to  an  inherent  disposition  in  the  individual,  with  the  dis- 
ease itself  being  precipitated  by  a  nervous  shock  such  as  an  operation 
or  severe  emotional  stress.  The  usual  treatment  is  the  surgical  removal 
of  a  portion  of  the  gland.  Benefits  are  derived  from  the  reduced  amount 
of  hormone  which  is  then  produced. 

Thyroid  Activity  in  Other  Animals. — The  activity  of  the  thyroid 
in  many  different  animals  has  been  a  subject  of  great  interest.  It  has 
long  been  known  that  the  addition  of  thyroxin  to  water  will  hasten 
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the  rate  of  metamorphosis  of  larvae  into  frogs  or  into  salamanders  as 
the  case  may  be.  In  some  sections  of  this  country  (Texas,  Kansas,  and 
Oklahoma)  and  on  the  Mexican  plateau  where  the  water  is  deficient  in 
iodine,  one  species  of  salamander  fails  to  metamorphose  into  the 
adult.  These  individuals  known  as  axolotls  are  actually  able  to  mature 
sexually  and  to  reproduce  without  ever  acquiring  their  true  adult 
characteristics.  If  the  axolotls  are  placed  in  water  containing  iodine, 
they  quickly  lose  their  larval  characteristics  and  become  normal  adults. 

THE  PARATHYROID  GLANDS 

The  parathyroids  are  small  masses  of  glandular  tissue  which  has 
been  demonstrated  to  be  present  in  all  vertebrates  but  fish.  In  human 
beings,  there  are  two  pairs  of  these  small,  ovate  glands,  one  of  each 
pair  being  located  on  the  posterior  surface  and  one  on  the  anterior 
surface  of  each  lobe  of  the  thyroid  gland.  The  number  and  location  of 
these  glands  vary  in  different  animals,  but,  in  general,  their  position  is 
near  the  thyroid. 

Histologically,  the  parathyroids  are  very  different  from  the  thyroids. 
They  are  composed  of  masses  of  epithelial  cells  interspersed  with  capil- 
laries. Surrounding  each  gland  is  a  sheath  of  connective  tissue  which 
sends  extensions  into  the  main  body  of  the  gland  and  divides  it  im- 
perfectly into  small  lobes.  The  hormone  of  this  gland,  parathormone, 
is  secreted  by  the  epithelial  cells. 

Although  the  parathyroids  had  been  recognized  anatomically  as  sep- 
arate entities  for  a  considerable  length  of  time,  their  separate  function 
was  not  at  first  realized.  The  first  indication  of  their  importance  in  the 
functioning  of  the  organism  occurred  when  the  thyroids  were  experi- 
mentally removed  from  dogs  and  cats.  These  animals  quickly  went 
into  tetany  and  died.  The  same  operation  when  performed  on  sheep 
and  goats  did  not  produce  similar  results.  Until  one  man  pointed  out 
the  fact  that  the  parathyroids  of  these  latter  animals  are  located  in  such 
a  position  that  they  are  not  removed  when  the  thyroids  are  extirpated, 
no  one  had  assigned  any  important  function  to  them.  Thus  it  became 
evident  that  the  proper  functioning  of  these  glands  was  essential  for 
life.  Their  removal  was  the  immediate  cause  of  the  tetany  and  the  sub- 
sequent death  of  the  dogs  and  cats. 

The  Function  of  the  Parathyroid  Glands. — Parathormone  is 
important  in  the  metabolism  of  calcium  and  phosphorus.  It  should  be 
recalled  that  these  two  elements  are  in  a  dynamic  state  in  the  body. 
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Both  are  constantly  being  added  to  and  removed  from  bony  tissue.  In 
the  normal  individual,  the  calcium  level  of  the  blood  is  relatively 
constant. 

Although  the  calcium  level  in  the  blood  is  not  very  high  (9  to  12 
mg.  per  cent)  its  presence  is  absolutely  essential  for  all  types  of  cellu- 
lar functions.  As  it  is  important  in  the  maintenance  of  cell  permeability, 
it  controls  the  rate  of  nerve  transmission,  muscular  contraction,  and 
countless  other  important  activities.  The  proper  blood  calcium  level 
is  maintained  through  the  dynamic  equilibrium  with  the  calcium  of  the 
bones,  mediated  through  the  action  of  the  hormone  of  these  important 
glands. 

The  mechanism  by  which  parathormone  functions  is  still  contro- 
versial. Some  maintain  that  the  primary  efifect  of  the  parathyroids  on 
calcium  is  the  regulation  of  the  activity  of  the  bone-building  and  bone- 
destroying  cells.  Others  believe  that  the  primary  effect  is  upon  the 
secretion  of  phosphorus  by  the  kidneys  with  the  calcium  metabolism 
being  of  only  secondary  importance.  Possibly  the  true  explanation 
is  a  combination  of  these  two  theories. 

The  Secretion  of  the  Parathyroids. — Extracts  of  the  para- 
thyroid gland  have  been  prepared  and  studied  experimentally.  This 
extract,  known  as  parathormone,  has  not  been  purified,  nor  have  its 
active  principles  been  identified.  Apparently  the  hormone  is  a  protein 
since  its  chemical  reactions  are  typical  of  the  reactions  of  this  class  of 
compounds. 

This  extract  is  not  used  extensively  in  treatment  of  parathyroid 
deficiency,  chiefly  due  to  the  fact  that  the  body  appears  to  build  up  a 
tolerance  against  it. 

The  Effect  of  Hypoactivity. — Hypoparathyroidism  occurs  in 
human  beings  only  when  portions  of  the  glands  are  inadvertently  re- 
moved during  thyroidectomy.  In  such  individuals  there  is  an  imme- 
diate fall  in  the  calcium  level  of  the  blood  with  an  accompanying  rise 
in  the  phosphorus  level.  The  most  apparent  manifestations  of  this 
hypofunctioning  occur  in  muscle  twitchings,  cramps,  and  even  convul- 
sions. These  symptoms  appear  to  be  correlated  with  the  low  blood 
calcium  level. 

The  twitchings  of  the  muscles  and  the  tetany  may  be  due  to  inter- 
ference with  the  liberation  of  acetylcholine  from  the  nerve  endings, 
which  is  then  followed  by  an  impairment  of  synaptic  transmission.  At 
any  rate,  the  irritability  of  the  neuromuscular  system  is  increased. 
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In  an  animal  which  has  been  experimentally  parathyroidectomized, 
tetany  is  prevented  by  the  administration  of  extracts  containing  the 
parathyroid  hormone,  a  reduction  in  the  intake  of  phosphorus,  an  in- 
crease in  the  intake  of  calcium,  plus  other  measures.  In  such  animals, 
the  administration  of  vitamin  D  facilitates  the  absorption  of  calcium 
from  the  intestine.  In  the  normal  animal,  this  vitamin  is  important  in 
the  utilization  of  calcium  and  phosphorus  for  the  prevention  of  rickets. 
It  has  been  suggested  that  there  is  some  relationship  between  this  vita- 
min and  the  parathyroids,  possibly  with  the  vitamin  being  important 
in  regulating  the  absorption  of  these  elements  from  the  intestine. 

The  Effects  of  Hyperactivity. — This  condition  is  produced  either 
by  spontaneous  oversecretion  of  the  gland  or  by  experimental  injec- 
tion of  extracts  of  the  gland.  At  times,  tumors  may  stimulate  the 
gland  to  excessive  secretion.  In  such  a  condition,  the  calcium  level 
of  the  blood  immediately  rises  while  the  phosphorus  level  falls.  The 
calcium  is  withdrawn  from  the  bones  to  raise  this  level.  In  extreme 
cases,  the  bones  actually  become  soft  due  to  this  removal,  and  the 
marrow,  as  well  as  the  bony  regions,  is  replaced  by  fibrous  tissue.  The 
calcium  thus  withdrawn  from  the  bones  is  deposited  in  muscle  tissue, 
in  the  kidney  tubules,  in  the  walls  of  the  intestine,  and  in  the  heart, 
lungs,  liver,  etc.  Some  calcium  also  is  lost  through  the  urine  and  feces. 
The  final  result  of  extreme  hyperparathyroidism  is,  of  course,  death. 

THE  ADRENAL  GLAND 

In  mammals,  just  anterior  to  each  kidney  is  a  small  flattened  gland- 
ular mass,  the  adrenal  gland  or  suprarenal  body.  The  exact  position 
of  this  gland  varies  in  different  species  of  the  vertebrates,  but  in  man 
it  forms  a  caplike  structure  over  the  anterior  end  of  the  kidney. 

Like  the  thyroid  gland,  this  gland  has  an  exceptionally  rich  blood 
supply  with  the  blood  entering  directly  from  the  dorsal  aorta  by  means 
of  the  suprarenal  artery.  Around  each  gland  is  a  heavy  capsule  of 
connective  tissue. 

Both  histologically  and  functionally  the  adrenal  gland  consists  of 
two  completely  separate  parts.  The  outer  portion,  the  cortex,  has  its 
cells  arranged  in  three  poorly  defined  zones.  The  inner  medulla  is 
more  homogeneous  in  appearance,  having  irregular  strands  and  masses 
of  cells  separated  by  elongate  sinuses. 

Experimental  removal  of  this  gland  and  of  the  individual  parts 
has  demonstrated  that  while  the  medulla  is  not  essential  for  life,  the 
cortex  is. 
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THE  ADRENAL  MEDULLA 

Embryologically  the  medulla  has  the  same  origin  as  the  sympa- 
thetic ganglia  of  the  autonomic  nervous  system.  As  might  be  inferred 
from  this  common  origin,  the  action  of  the  medulla  secretion,  adren- 
aline, is  very  similar  to  that  of  the  sympathetic  ganglia. 

The  Function  of  the  Adrenal  Medulla. — When  adrenaline  is 
released,  it  has  many  marked  effects  on  various  bodily  functions. 
Among  these  effects  are  the  following :  the  blood  sugar  level  is  raised, 
the  muscles  of  the  intestinal  tract  slow  down  their  movements,  the 
blood  supply  to  the  striated  muscles  is  increased,  the  pupil  of  the  eye 
dilates,  the  heart  rate  is  increased,  the  coagulability  of  the  blood  is 
increased,  and  the  spleen  contracts  to  release  additional  erythrocytes 
into  the  blood  stream  thus  increasing  the  oxygen-carrying  capacity  of 
the  blood.  From  this  listing  it  might  appear  that  adrenaline  is  nec- 
essary for  the  normal  functioning  of  the  animal;  however,  following 
extirpation  of  the  medulla,  the  animal  is  able  to  live  an  apparently 
normal  life. 

For  this  reason,  there  has  been  much  speculation  as  to  the  exact 
role  played  by  this  gland.  One  theory  is  that  the  medulla  plays  an 
important  part  in  equipping  the  animal  to  meet  emergency  situations. 
The  changes  as  listed  above  clearly  would  help  an  animal  to  be  more 
alert  and  to  be  better  able  to  defend  itself  or  to  escape.  This  emergency 
theory  was  once  widely  accepted  as  the  most  reasonable  explanation 
of  the  function  of  this  gland.  Now,  however,  it  is  realized  that  the 
sympathetic  system  is  able  to  perform  all  these  functions  alone ;  per- 
haps the  adrenal  medulla  only  exerts  a  tonic  or  conditioning  influence 
upon  the  organs  supplied  by  the  sympathetic  system. 

Adrenalin  is  used  extensively  in  medical  practice  because  of  its 
specific  effects  on  blood  pressure,  blood  coagulability,  heart  rate,  etc. 
In  disorders  such  as  asthma  where  the  bronchial  musculature  is  con- 
tracted. Adrenalin  causes  relaxation  and  thus  gives  relief.  Its  stimu- 
latory effect  on  heart  muscle  is  often  utilized  extensively  in  cases  of 
drowning,  shock,  and  other  accidents. 

The  Composition  of  Adrenaline. — Adrenaline  or  epinephrine  is 
another  of  the  better  known  hormones.  It  has  a  relatively  simple 
formula,  C9H13NO3,  which  has  been  known  since  1905.  This  hormone 
is  extremely  potent  and  even  at  great  dilutions  has  pronounced  effects. 

Little  is  known  of  the  possible  effects  of  hypo-  or  hypersecretion 
of  this  gland. 
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THE  ADRENAL  CORTEX 

The  absolute  importance  of  the  adrenal  cortex  has  long  been  known, 
and  recent  work  has  served  to  emphasize  the  varied,  vital  functions 
controlled  by  this  gland.  Embryologically,  its  origin  is  from  the  same 
tissues  as  that  of  most  of  the  visceral  organs. 

The  Function  of  the  Adrenal  Cortex. — The  cortical  extract, 
cortin,  is  absolutely  essential  for  life.  The  dififerent  components  of 
cortin  appear  to  afifect  several  vital  functions  whose  specific  effects 
are  very  difficult  to  assess.  Briefly,  these  functions  can  be  summarized 
as  follows:  (1)  the  control  of  the  levels  of  sodium  and  potassium  in 
the  blood,  (2)  considerable  control  over  carbohydrate  and  protein 
metabolism,  and  (3)  some  influence  over  kidney  function.  Clearly  any 
understanding  of  these  functions  must  result  only  from  the  abnormal 
situation  attained  when  the  gland  is  extirpated. 

Under  such  circumstances,  it  is  shown  that  the  death  of  the  ex- 
perimental animals  is  due  to  an  imbalance  of  the  water  and  the  sodium 
and  potassium.  In  the  normal  animal,  sodium  is  more  concentrated 
in  the  extracellular  fluids,  while  potassium  is  most  abundant  in  the 
intracellular  fluids.  With  cortical  insufficiency,  these  ions  are  disturbed 
in  their  arrangement  on  the  cell  membranes  and  the  osmotic  equilib- 
rium is  upset.  Due  to  this,  water  moves  from  the  extracellular  spaces 
into  the  cells,  resulting  in  concentration  of  the  blood,  a  fall  in  blood 
pressure,  and  finally  death  from  dehydration.  The  level  of  sodium  in 
the  blood  is  lowered  due  to  its  being  eliminated  by  the  kidney,  and  the 
concentration  of  potassium  is  raised  due  to  kidney  retention.  The  ad- 
ministration of  cortical  extracts  will  relieve  this  situation  by  causing 
the  fluids  which  were  held  within  the  cells  to  be  transferred  to  the 
extracellular  spaces  and  into  the  blood. 

In  the  adrenalectomized  animal,  the  absorption,  formation,  storage, 
and  utilization  of  carbohydrates  are  interefered  with.  Such  an  animal 
is  unable  to  form  carbohydrates  from  noncarbohydrate  sources  such 
as  protein.  Instead,  the  animal  excretes  nitrogen  and  forms  new  carbo- 
hydrates at  the  expense  of  tissue  protein.  This  possibly  accounts  for 
the  fact  that  muscular  weakness  occurs  in  adrenalectomized  animals 
due  to  this  impaired  carbohydrate  metabolism. 

The  failure  of  the  kidneys  to  function  properly  during  cortical  in- 
sufficiency presumably  is  due  to  the  excessive  loss  of  sodium  chloride, 
the  retention  of  potassium,  and  the  reduced  elimination  of  some  waste 
products.    These  latter  accumulate  in  the  blood.     Possibly  further  dis- 
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turbances  are  due  to  the  reduced  flow  of  blood  through  the  kidney  re- 
sulting from  the  concentration  of  the  blood. 

The  Secretion  of  the  Cortex. — The  general  name,  cortin,  is  given 
to  the  hormone  of  the  cortex ;  this  secretion,  however,  is  actually  a 
whole  series  of  compounds.  Many  of  these  are  of  the  type  known  as 
the  steroids.  They  are  found  in  many  seemingly  unrelated  sources ; 
for  example,  cholesterol  from  the  liver  has  a  similar  structure  as  do 
some  of  the  important  sex  hormones.  One  of  the  most  important  of 
these  hormones  composing  cortin  is  corticosterone.  Some  of  these 
hormones  have  been  at  least  partially  synthesized,  and  a  rapidly  in- 
creasing number  of  them  are  becoming  available  for  medical  use. 

In  addition  to  the  many  steroids  (at  least  twenty-five)  found  in 
cortin,  other  materials,  such  as  carotene,  cholesterol,  and  some  fats,  are 
found. 

The  Effects  of  Hypoactivity. — In  the  year  1855  an  English  physi- 
cian, Thomas  Addison,  described  a  human  disease  which  he  showed  to 
be  associated  with  atrophy  of  the  adrenal  glands.  In  his  honor,  this 
disease  became  known  as  Addison's  disease.  In  general,  the  symptoms 
of  this  disease  are  similar  to  those  noted  as  typical  of  the  adrenal- 
ectomized  animals.  These  include  muscular  weakness,  loss  of  appetite, 
lowered  basal  metabolism,  excessive  elimination  of  sodium,  fall  in 
blood  sugar,  kidney  injury,  etc.  lo  addition,  there  is  accompanying 
bronzing  of  the  skin. 

At  present  some  amelioration  of  these  symptoms  is  afforded  by  use 
of  cortical  extracts  and  a  diet  rich  in  sodium  but  poor  in  potassium. 
For  best  results,  it  has  been  shown  that  the  material  corticosterone  is 
more  effective  than  some  of  the  other  steroids  found  in  cortin. 

The  Effects  of  Hyperactivity. — Occasionally  tumors  of  the  cortex 
cause  excessive  secretion  of  cortin.  The  effects  of  this  are  more  notice- 
able in  females  than  in  males  due  to  the  masculinization  which  ensues. 
The  voice  lowers  in  pitch,  hair  appears  on  the  face  and  is  distributed 
over  the  body  in  the  typical  masculine  manner,  and  muscular  develop- 
ment is  such  that  the  bodily  contours  change.  Relief  of  this  condition 
is  afforded  by  removal  of  the  tumors.  Perhaps  the  explanation  of 
these  seemingly  unrelated  response^  is  to  be  found  in  the  great  similarity 
of  the  steroids  of  the  adrenal  cortex  and  of  the  gonads. 

Occasionally  cortical  tumors  do  occur  in  young  males,  and  are 
then  associated  with  premature  development  of  the  secondary  sexual 
characters  such  as  beard  growth,  lowered  voice,  etc. 
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In  recent  years  there  has  been  tremendous  interest  in  the  use  of 
cortical  extracts  for  the  alleviation  of  the  symptoms  of  arthritis  and 
rheumatism.  These  drugs  must  be  used  with  caution,  for  the  ac- 
companying secondary  effects  may  prove  to  be  undesirable. 

THE  PANCREAS 

Just  behind  and  slightly  below  the  stomach  is  a  pink,  lobulated 
organ,  the  pancreas.  A  thin  layer  of  connective  tissue  covers  this  large 
diffuse  gland.  Leading  from  it  are  one  or  two  ducts  which  enter  the 
duodenum  of  the  small  intestine. 

Microscopic  examination  of  this  gland  reveals  the  fact  that  there 
are  two  distinct  types  of  cells  present.  The  greater  portion  of  the 
pancreas  is  formed  of  groups  of  epithelial  cells  which  are  arranged 
around  the  terminations  of  ducts  which  ultimately  fuse  to  form  the 
pancreatic  duct  or  ducts  leading  to  the  duodenum.  These  cells  form  the 
exocrine  portion  of  the  gland,  that  is,  the  portion  that  elaborates  the  pan- 
creatic juice,  one  of  the  important  digestive  secretions.  Scattered 
throughout  this  main  mass  of  epithelial  cells  are  clusters  of  cells  which 
stain  differently  and  are  richly  supplied  with  blood.  These  are  the 
islets  of  Langcrhans,  the  endocrine  portion  of  the  pancreas.  These 
islets  secrete  the  important  hormone,  insulin.  Thus  the  pancreas  is 
a  double  gland  having  two  distinct  functions :  one  is  the  production  of 
the  digestive  secretion,  the  other  is  the  elaboration  of  the  hormone. 

The  Function  of  the  Islets  of  Langerhans. — The  insulin  se- 
creted by  the  islets  of  Langerhans  is  but  one  of  many  factors  important 
in  the  proper  usage  of  carbohydrates.  Its  role  seems  to  be  that  of 
making  possible  the  oxidation  and  storage  of  the  simple  sugars.  The 
exact  manner  in  which  the  simple  sugars  are  utilized  is  not  entirely 
clear,  but  some  slight  understanding  of  this  complexity  is  possible. 

During  the  discussion  of  carbohydrates  it  was  pointed  out  that  the 
starches  and  sugars  were  changed  by  the  digestive  enzymes  into  the 
monosaccharides  bearing  the  general  formula  CeHioOe.  These  are 
soluble  forms  which  are  able  to  go  from  the  intestine  into  the  blood 
and  thus  become  available  for  energy.  The  sugars,  when  absorbed  by 
the  blood,  may  be  utilized  immediately  for  energy,  or  they  may  be 
stored  by  the  liver  in  the  form  of  glycogen.  This  glycogen  then  is  re- 
converted into  glucose  and  released  back  into  the  circulation  as  it  is 
needed  by  the  body.     These  changes  are  mediated  through  a  series  of 
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enzymes;  seemingly  insulin's  role  may  be  that  of  modifying  the  en- 
zyme systems.  This,  however,  remains  as  a  subject  for  further  specula- 
tion and  experimentation. 

The  Composition  of  Insulin. — The  first  usable  extracts  of  the 
islets  of  Langerhans  were  prepared  in  1922.  An  enzyme-free  extract 
was  prepared  by  utilizing  the  pancreases  of  embryonic  animals.  In 
the  embryo,  the  islets  develop  before  the  enzyme-secreting  portion, 
making  this  process  possible.  At  present,  insulin  is  produced  chiefly 
from  the  pancreases  of  cattle,  although  it  can  be  extracted  from  those 
of  numerous  other  animals.  The  empirical  formula  of  insulin  is 
CisHflBOuNuS.  By  extensive  testing,  it  has  been  shown  that  insulin 
is  an  extremely  complex  molecule,  apparently  composed  of  amino  acids. 

The  Effects  of  Hypoactivity. — Diabetes  mellitus,  the  disease  re- 
sulting from  hypoactivity  of  the  islets  of  Langerhans,  has  been  re- 
corded in  history  since  the  time  of  the  Romans.  The  actual  cause  of 
this  disease  was  not  known  until  1889,  however.  This  knowledge  was 
a  fortuitous  accident  which  occurred  during  the  study  by  two  workers 
on  the  efifect  of  removing  the  pancreases  from  dogs.  The  man  who 
was  in  charge  of  the  kennels  where  these  dogs  were  quartered  noted 
that  flies  gathered  around  the  voided  urine.  Study  of  this  urine  re- 
vealed that  there  was  sugar  present.  The  urine  of  normal  animals 
shows  no  detectable  amounts  of  sugar ;  thus  the  scientists  soon  realized 
that  they  had  finally  discovered  a  clue  as  to  the  cause  of  the  well- 
known  diseaese,  diabetes  mellitus. 

In  an  individual  having  a  defective  functioning  of  the  islets,  sugars 
canijot  be  stored  in  the  normal  manner,  and  the  liver  glycogen  stores 
tend  to  become  depleted.  These  sugars  are  lost  through  the  urine. 
Normally,  sugar  is  not  lost  in  this  manner,  as  the  kidney  has  certain 
thresholds  below  which  materials  are  retained  in  the  blood.  If  the 
concentration  of  a  substance  becomes  too  high,  it  is  excreted ;  thus  with 
the  rise  in  the  level  of  the  blood  sugar,  the  kidney  excretes  the  excess. 

As  the  carbohydrates  are  lost  so  rapidly  through  the  urine,  the 
stores  of  fats  and  proteins  are  called  upon  as  sources  of  energy.  Nor- 
mally, fats  are  metabolized  into  fatty  acids  and  glycerol,  but  in  the 
case  of  extreme  insulin  lack,  these  are  not  properly  metabolized.  In- 
stead, ketone  or  acetone  bodies  become  abundant  and  may  even  be 
detected  on  the  breath  of  such  an  individual.  In  extreme  cases,  the 
bases  of  the  body  are  depleted  and  acidosis  results.     At  this  point,  the 
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organism  can  no  longer  remove  the  carbon  dioxide  and  "air  hunger" 
follows. 

Other  dangerous  complications  accompany  diabetes.  One  of  these 
is  arteriosclerosis  or  hardening  of  the  arteries.  This  is  particularly 
prevalent  in  the  arteries  of  the  legs  and  arms,  and  may  render  them 
more  susceptible  to  gangrenous  infections.  On  the  whole,  the  diabetic 
individual  is  more  susceptible  to  bacterial  infections,  tooth  decay,  and 
even  eye  defects. 

It  has  never  been  clearly  demonstrated  that  diabetes  can  be  caused 
by  dietary  excesses.  More  important  apparently  is  the  fact  that  there 
is  some  inheritance  of  carbohydrate  tolerance.  Also,  diabetes  is  often 
correlated  with  obesity  and  is  found  more  frequently  among  nervous 
individuals.  Statistically  it  can  be  shown  that  it  occurs  more  often 
among  city  dwellers  than  among  rural  inhabitants. 

Fortunately  the  chances  of  surviving  with  diabetes  are  excellent. 
There  must  be  some  care  with  the  diet  in  order  to  decrease  the  intake 
of  carbohydrates.  Of  course,  most  important  is  the  fact  that  other 
sources  of  insulin  are  available.  The  insulin,  however,  must  be  in- 
jected for  the  enzymes  of  the  digestive  system  destroy  the  proteins 
which  make  up  the  insulin  molecule.  For  effective  use,  it  is  desirable 
that  the  insulin  be  in  such  a  combination  that  it  is  released  slowly  over 
a  period  of  time.  Since  1936,  a  form  known  as  protamine  insulin  has 
become  available.  This  is  an  insulin  compound  which  liberates  very 
slowly  in  the  tissues.  When  this  is  combined  with  zinc,  the  action  is 
further  prolonged. 

The  Effects  of  Hyperactivity. — Occasionally  tumorous  conditions 
of  the  islet  tissue  result  in  excessive  secretion  of  insulin,  and  the 
condition  known  as  hyperinsulinism  develops.  In  this  disease,  the  blood 
sugar  level  is  much  reduced.  Inasmuch  as  the  central  nervous  system 
is  very  sensitive  to  this  reduced  level,  the  effects  may  be  traceable  to 
this  change.  At  first,  extreme  hunger,  pallor,  and  cold  perspiration 
are  experienced.  This  is  followed  by  impairment  of  the  senses  and 
finally  convulsions  and  coma.  Relief  can  be  temporarily  affected  by 
the  administration  of  glucose. 

Occassionally  this  condition  occurs  in  a  diabetic  patient  who  has 
injected  too  much  insulin. 

The  Action  of  the  Islets  in  Other  Animals. — Many  other  ani- 
mals besides  mammals  have  been  studied  in  this  regard.  It  has  been 
shown  that  the  symptoms  of  pancreatectomy  are  quite  similar  in  birds, 
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amphibians,  and  fishes.  The  symptoms  are  more  severe  in  carnivorous 
vertebrates  than  in  the  herbivorous  ones.  Perhaps  this  is  related  to 
the  fact  that  carnivorous  animals  eat  their  food  so  rapidly  that  they 
are  more  dependent  upon  insulin  for  proper  storage  than  are  the  her- 
bivorous forms  which  usually  eat  more  slowly, 

THE  GONADS 

The  differences  between  the  two  sexes  are  not  always  quite  so 
distinct  as  popular  legend  would  have  us  believe.  Embryologically,  the 
organism  has  the  potentiality  of  developing  into  either  sex.  As  develop- 
ment proceeds,  the  various  hormones  influence  and  control  the  differen- 
tiation of  the  organs  and  accessory  structures  typical  of  one  sex  or  the 
other.  Sexual  differences  are  usually  considered  to  be  very  evident 
among  the  vertebrates,  but  can  be  demonstrated  even  in  the  protozoans. 
Sex  is  best  considered  to  be  a  matter  of  one  set  of  characteristics  being 
more  evident  than  a  contrasting  set.  Among  human  beings,  such  dif- 
ferences as  hair  distribution,  voice,  general  body  build,  and  behavior 
are  considered  to  be  contrasting  characters  between  the  two  sexes. 

These  are  considered  to  be  secondary  sexual  characteristics  in 
contrast  to  the  primary  one,  which  is  the  production  of  either  sperms 
or  eggs  by  the  individual.  The  secondary  sexual  characteristics,  how- 
ever, are  dependent  upon  the  elaboration  of  special  hormones  by 
the  gonads. 

THE  MALE  GONAD 

In  most  mammals,  the  paired  male  gonads,  the  testes,  are  located 
in  the  scrotum  which  is  divided  by  a  median  septum  into  right  and 
left  halves.  The  main  portion  of  each  testis  is  divided  into  lobules 
by  numerous  septa.  Within  each  lobule  are  numerous  convoluted 
canals,  the  seininiferous  tubules  (Fig.  76).  Between  these  tubules, 
the  area  is  filled  in  with  nerves,  connective  tissues,  blood  vessels,  and 
special  interstitial  cells.  The  sperm  are  produced  by  the  cells  lining 
the  walls  of  the  seminiferous  tubules ;  the  hormones  are  elaborated 
by  the  interstitial  cells. 

The  Function  of  the  Interstitial  Cells. — The  sex  hormone  pro- 
duced by  these  interstitial  cells  has  influence  not  only  over  the  develop- 
ment of  typical  male  secondary  sexual  characters,  but  also  influences 
behavior. 
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Secondary  sexual  characters  vary  considerably  in  the  different  ani- 
mal groups.  Among  human  beings,  the  hairiness  of  the  male,  the  dis- 
tribution of  body  fat,  the  skeletal  outlines,  and  the  deeper  voice,  which 
develop  after  puberty,  all  are  easily  recognized  as  essentially  male 
characters.  In  birds,  feather  color,  the  presence  of  crests,  the  pres- 
ence of  spurs,  and  a  distinctive  call  are  all  possible  male  characters. 
Among  fish,  the  male  is  often  more  brightly  colored  than  is  the  female. 
Insects  very  often  have  conspicuous  secondary  sexual  characteristics 
such  as  distinctive  wing  colors,  songs,  and  differential  development  of 
various  mouth  parts.  In  all  of  the  various  groups,  the  male  is  likely 
to  be  characterized  by  a  more  aggressive  behavior. 

Except  for  a  few  animals  such  as  man,  the  rabbit,  mouse,  rat,  and 
guinea  pig,  the  mating  season  is  not  continuous ;  rather  it  occurs  at 
several  definite  periods  during  the  year.  This  again  appears  to  be  under 
the  control  of  the  sex  hormones  of  the  interstitial  cells. 

The  Composition  of  the  Male  Hormone. — In  recent  years,  sev- 
eral similar  materials  have  been  isolated  from  the  testes  of  various  ani- 
mals. All  are  of  the  same  general  type  structure,  but  vary  in  detail 
and  in  general  effectiveness.  All  of  them  are  steroids  having  a  struc- 
tural formula  similar  to  that  of  the  steroids  of  cortin.  The  most  effec- 
tive of  these  have  been  named  testosterone.  All  these  various  steroids 
which  have  certain  similar  effects  are  called  androgenic  hormones. 

The  Effect  of  Hyposecretion. — If  an  animal  is  castrated  (that  is, 
the  testes  are  removed)  before  puberty,  the  secondary  sexual  characters 
fail  to  develop.  If  testicular  function  ceases  after  puberty,  there  may 
be  diminution  of  the  typical  secondary  sexual  characters. 

Castration  has  long  been  practiced  in  livestock  for  improvement  of 
temperament  and  appearance  of  animals.  It  also  is  practiced  to  a 
large  extent  by  poultry  raisers. 

The  Effects  of  Hyperactivity. — Presumably  such  activity  before 
puberty  would  result  in  premature  appearance  of  the  secondary  sexual 
characters.  It  is  difficult  to  assess  the  effects  of  this  hyperactivity 
after  puberty. 

THE  FEMALE  GONAD 

Among  mammals,  the  paired,  flattened  ovaries  are  located  low 
in  the  abdominal  cavity  along  the  dorsal  peritoneum.  Each  ovary  is 
covered  with  a  layer  of  germinal  epithelium  composed  of  cuboidal  cells. 
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The  interior  portion  of  the  ovary  is  formed  of  connective  tissue  and  is 
known  as  the  medulla,  while  the  outer  portion  is  the  cortex.  Within 
the  medulla  are  many  interstitial  cells.     (Fig.  78.) 

At  intervals  throughout  the  reproductive  life  of  the  individual, 
single  cells  enlarge  at  the  expense  of  adjacent  ones  to  become  ova 
(Fig.  79).  Each  future  ovum,  with  its  surrounding  nutritive  cells, 
constitutes  a  Graafian  jollide.  Gradually  this  follicle  fills  with  fluid 
and  finally  the  ovum  bursts  forth  and  moves  into  the  oviduct.  If  the 
ovum  is  fertilized,  implantation  and  development  occur  in  the  uterus. 
After  the  ovum  is  released,  the  ruptured  follicle  is  gradually  filled  with 
tissues  from  the  lining  cells  and  with  the  ingrowth  of  blood  vessels. 
This  new  structure  is  somewhat  yellowish  in  appearance  and  is  known 
as  the  corpus  luteum.  If  fertilization  of  the  ovum  does  not  occur,  the 
corpus  luteum  lasts  only  a  short  time  and  then  disappears.  If  fertiliza- 
tion does  occur  the  corpus  luteum  persists  for  some  time. 

The  Function  of  the  Female  Hormones. — Two  distinct  hor- 
mones have  been  demonstrated  to  be  produced  by  the  ovary.  The  first 
of  these,  estrogen,  is  produced  by  the  follicle.  It  is  important  in  the 
development  of  the  secondary  sexual  characters  and  behavior.  The 
second  important  hormone  is  that  produced  by  the  corpus  luteum. 
It  is  known  as  progesterone,  and  its  importance  is  twofold :  first  it 
cooperates  with  estrogen  in  influencing  secondary  sexual  characters, 
and,  second,  it  prepares  the  female  for  lactation  and  pregnancy. 

If  pregnancy  does  occur,  the  placenta  (the  attachment  organ  of 
the  embryo  to  the  uterus)  becomes  important  as  a  source  of  endo- 
crines.  Three  distinct  hormones  have  been  demonstrated  to  be  pro- 
duced :  chorionic  gonadotropin,  estrogen,  and  progesterone.  Chorionic 
gonadotropin  is  perhops  responsible  for  the  suppression  of  further 
ovulation  during  pregnancy  while  the  estrogen  and  progesterone  pro- 
duced probably  replace  or  augment  those  of  the  ovary.  Another  hor- 
mone, relaxin,  has  also  been  demonstrated  in  the  urine  of  pregnant  ani- 
mals. It  apparently  is  important  in  relaxing  the  ligament  of  the  pubic 
symphyses  to  facilitate  parturition.  Just  where  it  is  produced  is  not 
entirely  clear,  but  possibly  it  is  from  the  walls  of  the  pregnant  uterus. 

The  Composition  of  the  Female  Hormones. — Like  testosterone 
and  corticosterone,  estrogen  and  progesterone  are  members  of  the 
class  of  compounds  known  as  the  steroids.  Relaxin,  so  far  as  can  be 
determined,  is  not  a  member  of  this  class  of  compounds. 
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The  Effect  of  Hypoactivity. — If  the  ovaries  are  removed  in  an 
immature  female,  the  secondary  sexual  characters  fail  to  develop. 

THE  PITUITARY  GLAND 

The  pituitary  gland  has  been  a  familiar  structure  to  anatomists 
for  many  hundreds  of  years.  Galen  (200  A.D.)  theorized  that  this 
gland  filtered  the  waste  materials  from  the  brain,  and  this  idea  was 
perpetuated  in  the  name  given  by  Vesalius,  which  means  phlegm 
or  mucus. 

This  gland  is  located  at  the  base  of  the  brain  in  a  special  bony 
pocket,  the  sella  turcica,  of  the  sphenoid  bone  (Fig.  44).  It  is  directly 
below  the  hypothalamus,  just  behind  the  optic  chiasma.  In  the  adult 
human  being  it  weighs  about  0.6  gram  in  the  male  and  slightly  more  in 
the  female. 

Both  embryologically  and  histologically  the  gland  is  differentiated 
into  two  distinct  parts.  The  anterior  lobe  originates  as  a  dorsal  out- 
pocketing  from  the  embryonic  mouth  cavity ;  the  posterior  lobe  arises  as 
a  down  pocketing  from  the  ventral  floor  of  the  brain.  The  original 
connection  of  the  mouth  to  the  anterior  lobe  disappears,  but  the 
connection  of  the  posterior  lobe  to  the  brain  persists  as  the  slender 
infundibular  stalk.  Part  of  the  third  ventricle  of  the  brain  extends 
through  this  stalk  into  the  posterior  lobe. 

In  most  vertebrates  a  third  region  can  be  seen  between  the  two 
main  lobes.  This  is  the  narrow  intermediate  lobe.  This  intermediate 
portion  is  more  of  a  transitional  zone  than  a  true  lobe  although  it 
is  quite  conspicuous  in  some  animals. 

Although  the  entire  gland  is  quite  richly  supplied  with  blood,  the 
anterior  lobe  receives  the  greatest  amount  and  the  intermediate  lobe 
the  least. 

Histologically,  the  parts  of  this  gland  are  quite  distinct.  The 
anterior  lobe  is  composed  of  irregular  masses  and  cords  of  epithelial 
cells  which  are  separated  by  small  sinuses  and  are  supported  by  con- 
nective tissue  elements.  Three  different  types  of  cells  are  recognizable 
depending  upon  their  reactions  to  different  stains.  The  cells  compos- 
ing the  posterior  lobe  are  characterized  by  branching  cells  in  addition 
to  many  nonmyelinated  nerve  fibers.  Within  the  intermediate  lobe 
the  cells  are  chiefly  either  granular  or  nongranular  basophilic  cells. 
In  human  beings,  the  nongranular  cells  are  occasionally  grouped  into 
follicles.     This  latter  lobe  is  not  always  clearly  defined. 
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THE  ANTERIOR  LOBE 

Due  to  the  fact  that  the  anterior  lobe,  through  its  secretions,  affects 
different  processes  and  other  endocrine  glands,  it  has  been  called  the 
"master  gland"  of  the  body.  While  this  is  a  dramatic  term,  it  is  not 
entirely  in  accord  with  the  facts.  All  the  glands  composing  the  endo- 
crine system  have  reciprocal  effects  upon  one  another,  and  this  gland 
is  but  one  of  this  important  system. 

Actually  the  anterior  lobe  does  secrete  a  number  of  different  hor- 
mones. Three  types  can  be  recognized :  the  grozvth  hormone,  the 
trophic  hormones,  and  the  lactogenic  hormone. 

The  Function  of  the  Growth  Hormone. — Like  so  many  of  the 
endocrine  secretions,  the  control  of  growth  as  exercised  by  this  gland 
was  not  apparent  until  abnormal  conditions  were  studied.  The  normal 
growth  process  is  an  extremely  complex  one,  involving  the  orderly 
progression  of  many  processes.  In  fact  the  whole  process  is  rather 
poorly  vmderstood,  and  the  part  played  by  this  growth  hormone  is 
not  at  all  clear. 

Yet  when  this  hormone  is  not  secreted  in  proper  amounts,  the 
effects  are  startling  to  say  the  least.  If  the  hormone  secretes  exces- 
sively (hyperactivity)  during  the  growth  period,  excessive  growth 
occurs,  even  resulting  in  gigantism.  Hypoactivity  produces  equally 
pronounced  effects :  such  individuals  fail  to  grow  properly  and  are 
known  as  dtvarjs.  Clearly  this  malfunctioning  is  the  reason  for  some  of 
the  inhabitants  of  circus  side  shows. 

Hyperactivity  also  may  occur  after  full  adult  growth  is  attained. 
In  such  a  case,  the  condition  known  as  acromegaly  develops.  In  this 
condition,  portions  of  the  skeleton  have  overgrowths.  Thus  the  supra- 
orbital ridge  thickens,  the  lower  jaw  protrudes,  the  digits  broaden,  and 
the  soft  tissues  of  the  lips,  nose,  forehead,  and  scalp  may  thicken. 

The  Function  of  the  Trophic  Hormones.— Those  hormones  of 
the  anterior  pituitary  which  influence  other  endocrine  glands  are  known 
as  the  trophic  hormones.  Several  of  these  are  quite  well  known  and 
possibly  there  are  others  whose  functions  still  remain  to  be  discovered. 

The  gonadotropic  factors  are  those  which  influence  the  ovaries  or 
testes.  Here  it  is  apparent  that  there  are  at  least  two  factors.  The 
first  of  these,  designated  as  FSH  (follicle  stimulating  hormone),  stimu- 
lates the  production  of  follicles  and  ova  in  the  female  and  the  sperm 
of  the  male.     The  second  hormone,  known  as  LH    (the   luteinizing 
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hormone),  influences  the  luteinization  of  the  folHcle  in  the  female  and 
possibly  stimulates  the  interstitial  cells  of  the  testes. 

The  thyrotropic  factor  is  apparently  important  in  maintaining  the 
normal  production  of  iodothyroglobulin.  An  undersecretion  of  this 
factor  results  in  reduced  production  of  the  important  thyroid  hormone ; 
oversecretion  results  in  a  condition  similar  to  that  produced  by  hyper- 
secretion of  iodothyroglobulin. 


Vaginal  Epithelium 


Proliferative  Phase  Secretory  Phase 

Uterine  Mucosa 


Fig.  73. — A  diagram  showing  the  interrelationships  of  some  of  the  hormones 
from  the  anterior  lobe  of  the  pituitary.  (From  Patten:  Human  Embryology, 
Copyright,  1953,  The  Blakiston  Company.) 


The  adrenocorticotropic  factor,  popularly  known  as  ACTH,  stimu- 
lates the  secretion  of  cortin  by  the  adrenal  cortex.  Clinically  this  is  of 
value  in  increasing  the  production  of  the  important  cortical  hormone. 
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The  parathyrotropic  factor  seemingly  regulates  the  increase  of  the 
parathyroid  gland  cells.  The  interrelationships  of  the  anterior  lobe 
and  parathyroid  gland  have  not  been  definitely  established. 


Fig  74  —A  pituitary  dwarf  and  giant  compared  with  two  normal  individuals. 
(Courtesy  Dr.  Edmund  E.  Beard,  from  Anthony:  Textbook  of  Anatomy  and  Physi- 
ology, The  C.  V.  Mosby  Company.) 

The  Function  of  the  Lactogenic  Hormone.— This  hormone, 
often  known  as  prolactin,  is  very  specific  in  its  action,  but  operates 
only  after  parturition.     Further,  it  can  initiate  and  maintain  lactation 
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only  after  the  mammary  gland  has  first  been  prepared  by  estrogen  and 
progesterone.  It  is  generally  assumed  that  the  action  of  estrogen  and 
progesterone  is  antagonistic  to  that  of  prolactin ;  however,  immediately 
after  parturition,  the  high  levels  of  these  two  hormones  in  the  body 
is  suddenly  lowered,  and  the  prolactin  can  then  take  effect.  The  main- 
tenance of  lactation  is  in  part  due  to  nervous  responses  as  well  as  to 
the  interaction  of  other  hormones.  Prolactin  thus  is  only  a  contribut- 
ing factor. 

The  Composition  of  the  Secretions  of  the  Anterior  Pituitary. 

— All  the  secretions  of  this  gland  are  protein  in  nature ;  their  exact  chem- 
ical composition  remains  to  be  learned. 

The  Effect  of  Hypoactivity. — Considerable  discussion  of  the 
effects  of  hypoactivity  has  already  been  done.  It  is,  however,  impor- 
tant to  point  out  that  most  bodily  processes  are  interfered  with.  Thus 
an  animal  that  is  deprived  of  its  anterior  pituitary  gland  is  unable 
to  metabolize  carbohydrates  properly;  fat  metabolism  also  is  faulty. 
Hyposecretion  of  the  various  endocrine  glands  which  are  in  part  con- 
trolled by  the  pituitary  may  also  result. 

The  Effect  of  Hyperactivity. — Most  of  these  effects  also  have 
been  indicated  above. 

THE  INTERMEDIATE  LOBE 

Although  this  portion  of  the  pituitary  is  present  in  most  vertebrates, 
its  action  has  been  demonstrated  only  in  the  fishes,  amphibians,  and 
reptiles.  In  these  animals,  it  secretes  a  hormone  known  as  intermedin 
which  controls  the  expansion  and  contraction  of  pigment  cells  in  the  skin. 

THE  POSTERIOR  LOBE 

This  portion  of  the  pituitary  has  two  recognized  hormones :  pitocin 
and  pitressin.  The  secretion  containing  these  two  hormones  is  often 
called  pituitrin. 

The  Function  of  Pitocin. — The  best  known  effects  of  this  hor- 
mone are  its  excitation  of  smooth  muscle;  more  specifically,  this  hor- 
mone affects  the  smooth  muscle  of  the  uterus.  The  response  of  this 
smooth  muscle  is  in  most  mammals  first  conditioned  by  the  ovarian 
and  placental  secretions.     It  is  possible  that  pitocin  is  involved  in  the 
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termination   of  pregnancy.      In   this   manner   it   is   often   employed   to 
accentuate  uterine  contractions  and  to  facilitate  expulsion  of  the  fetus. 

The  Function  of  Pitressin. — This  hormone  has  two  effects  in 
the  normal  organism.  One  important  influence  is  on  blood  pressure. 
Pitressin  affects  the  constriction  of  the  smooth  musculature  of  the 
blood  vessels  and  thus  elevates  blood  pressure  when  administered. 
The  second  important  effect  is  on  kidney  function  where  it  affects  the 
reabsorption  of  water  by  the  kidney  tubules. 

The  Composition  of  Pituitrin. — Both  pitocin  and  pitressin  are 
protein  in  nature. 

The  Effect  of  Hypoactivity. — So  far  as  is  known  there  is  but  one 
pronounced  effect  of  the  hyposecretion  of  the  posterior  lobe.  This  re- 
sults in  the  disease,  diabetes  insipidus,  which  is  characterized  by  ex- 
cessive fluids  loss  through  the  kidneys.  Large  amounts  of  urine  of  a 
low  specific  gravity  and  free  of  sugar  are  voided.  Relief  of  this  condi- 
tion is  afforded  by  the  administration  of  pitressin. 

THE  DIGESTIVE  HORMONES 

In  the  previous  discussion  on  the  digestion  of  foods  (Fig.  43),  it 
was  pointed  out  that  the  secretion  of  some  of  the  digestive  enzymes 
was  initiated  or  maintained  by  certain  specific  hormones. 

Briefly  these  are  as  follows : 

Gastrin,  secreted  by  the  cells  of  the  stomach  wall,  stimulates  further 
secretion  by  the  gastric  glands. 

The  remaining  hormones  are  secreted  by  the  wall  of  the  small 
intestine : 

Enterokinase  activates  the  enzyme  trypsinogen. 

Secretin  stimulates  the  flow  of  water  and  bicarbonates  from  the 
pancreas,  while  pancreozymin  stimulates  the  secretion  of  the  pancre- 
atic enzymes. 

The  emptying  of  the  gall  bladder  is  stimulated  by  cholecystokinin, 
while  secretin  is  apparently  able  to  increase  the  flow  of  bile. 

Another  hormone,  enterogastrone,  affects  the  stomach,  causing  an 
inhibition  of  the  flow  of  gastric  juice  and  movements  of  the  muscles 
of  the  stomach. 

Finally  it  is  possible  that  the  initiation  and  secretion  of  the  intes- 
tinal juices  is  affected  by  another  hormone,  enterocrinin,  which  is  lib- 
erated after  the  acidic  chyme  enters  the  intestine  from  the  stomach. 
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Little  is  known  of  the  exact  chemical  nature  of  these  hormones  nor 
of  the  possible  effects  of  hypo-  or  hyperactivity. 

OTHER  POSSIBLE  ENDOCRINE  STRUCTURES 

The  Thymus  Gland. — In  the  thorax,  just  above  the  heart,  is  a 
large  glandular  structure,  the  thymus.  It  is  fairly  large  in  young  ani- 
mals, but  atrophies  after  maturity  is  reached.  Because  of  this  size 
relationship,  it  has  been  suggested  that  perhaps  the  thymus  has  some 
endocrine  function  related  to  sexual  development  and  attainment  of 
puberty.  This,  however,  has  never  been  adequately  proved ;  thus  it 
is  safest  to  regard  the  thymus  as  at  best  a  doubtful  producer  of  hormones. 

The  Pineal  Gland. — The  pineal  body  is  an  outgrowth  from  the 
roof  of  the  diencephalon  of  the  brain,  but  it  does  not  have  nerve  cells  in 
it.  It  is  quite  conspicuous,  and  has  been  known  to  anatomists  for  many 
centuries.  There  have  been  attempts  to  ascribe  some  function  or  sig- 
nificance to  this  structure.  At  one  time  it  was  assumed  to  be  the 
seat  of  the  soul,  but  this  is  an  illusive  function  for  a  mere  biologist 
to  prove !  Because  of  its  histological  structure,  it  has  at  times  been 
assumed  to  be  an  endocrine  gland ;  this,  too,  has  not  been  proved. 

A  more  reasonable  explanation  is  that  it  represents  a  vestigial 
organ.  This  is  based  upon  the  fact  that  it  is  homologous  with  the 
third  eye  of  certain  primitive  fish  and  reptiles. 

INVERTEBRATE  HORMONES 

Although  relatively  little  is  known  about  invertebrate  endocrine 
systems,  it  has  been  clearly  demonstrated  that  important  hormones 
do  exist. 

In  insects  it  has  been  definitely  shown  that  the  metamorphosis  from 
larva  to  adult  is  under  hormonal  control.  This  growth  and  differentia- 
tion hormone  appears  to  be  secreted  during  the  entire  larval  or  nymphal 
period.  It  is  responsible  for  the  molts  that  occur  during  growth.  There 
is  also  some  evidence  that  in  a  few  species  reproductive  processes  are 
in  part  controlled  by  special  hormones. 

Among  the  crustaceans  (crabs,  crayfish,  shrimp,  etc.)  an  important 
gland,  the  sinus  gland,  is  located  at  the  base  of  the  eyestalk.  Secretions 
from  this  gland  have  been  demonstrated  to  be  important  in  inhibiting 
molting,  in  controlling  color  by  dispersion  of  pigment,  and  in  stimulat- 
ing the  eye  for  light  adaptation. 


250         The  Vertebrate  Or  gam  Systems 

Principal  Hormones  of  Vertebrates  and  Their  Actions 


GLAND 

hormone 

actions 

Thyroid 

lodothyroglobulin 

Regulates  metabolic  rate 

Parathyroid 

Parathormone 

Regulates  metabolism  of 
calcium  and  phosphorus 

Adrenal  medulla 

Adrenaline 

Produces  effects  similar  to 
stimulation  of  the  sym- 
pathetic nerves 

Adrenal  cortex 

Cortin 

Control  of  the  levels  of  sodium 
and  potassium  in  the  blood; 
some  control  over  carbo- 
hydrate and  protein  me- 
tabolism; influences  kidney 
function 

Islets  of  Langerhans  of 
the  pancreas 

Insulin 

Regulates  storage  and  usage  of 
carbohydrates 

Interstitial  cells  of 
testis 

Male  sex  hormones  (tes- 
tosterone and  related 
compounds) 

Influences  the  development  of 
secondary  sexual  char- 
acters; influences  sexual 
behavior 

Ovarian  follicle 

Estrogen  (follicular 
hormone) 

Influences  the  development  of 
secondary  sexual  char- 
acters; influences  sex  be- 
havior 

Corpus  luteum 

Progesterone  (luteal 
hormone) 

Influences  secondary  sexual 
characters  in  cooperation 
with  estrogen;  prepares 
female  for  pregnancy 
and  lactation 

Placenta 

Chorionic  gonadotropin 
Estrogen;  progresterone 

Suppression  of  ovulation 
during  pregnancy;  aug- 
ments the  secretions  of 
ovary 
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Principal  Hormones  of  Vertebrates  and  Their  Actions — Cont'd 


GLAND 

HORMONE 

ACTIONS 

Anterior  lobe  of 
pituitary 

Growth 

Gonadotropic 

Thyrotropic 

Adre  nocor  tico  tropic 

Para  thyrotropic 

Prolactin 

Regulates  growth 
Stimulates  gonads 
Stimulates  thyroid 
Stimulates  adrenal  cortex 
Stimulates  parathyroids 
Stimulates  mammary  glands 

Intermediate  lobe  of 
pituitary 

Intermedin 

Controls  expansion  and  con- 
traction of  the  pigment  cells 
of  the  skin  of  fish,  amphi- 
bians, and  reptiles 

Posterior  lobe  of 
pituitary 

Pi  toe in 
Pitressin 

Stimulates  muscles  of  uterus 
Affects  contraction  of  blood 

vessels;  prevents  excessive 

secretion  of  urine 

CHAPTER  14 

THE  REPRODUCTIVE  SYSTEM 


For  every  species  there  are  two  fundamental  necessities :  one  is  the 
maintenance  of  the  individual,  the  other  the  continuation  of  the  species 
by  the  production  of  new  individuals.  All  the  systems  thus  far  con- 
sidered are  primarily  concerned  with  the  first  necessity ;  the  reproductive 
system  alone  is  concerned  with  the  latter  need.  The  reproductive  sys- 
tem, of  course,  is  but  one  part  of  the  whole  organism ;  thus  it  is  depend- 
ent for  its  functioning  on  the  other  organ  systems. 

Among  the  higher  animals,  new  individuals  are  ordinarily  repro- 
duced by  the  union  of  sex  cells  or  gametes  (eggs  and  sperm).  Repro- 
duction which  involves  gametes  is  known  as  sexual  reproduction.  In 
contrast  to  this  gametic  reproduction  is  that  in  which  a  single  individual 
animal  divides  in  some  manner  to  produce  offspring;  this  is  known  as 
asexual  reproduction  and  is  common  among  many  of  the  invertebrates. 

Asexual  reproduction  may  be  of  several  types.  In  its  simplest  form, 
an  animal  divides  into  two  new  individuals,  each  of  which  is  nearly  iden- 
tical in  size  and  appearance.  This  type  of  reproduction,  binary  fission, 
is  most  commonly  seen  among  some  of  the  protozoans.  The  division  may 
be  either  longitudinal  or  transverse,  depending  upon  the  species.  Slightly 
more  complex  is  the  mode  of  asexual  reproduction  known  as  budding. 
In  this  method,  the  new  individual  is  usually  smaller  than  the  parent 
and  may  appear  as  an  internal  aggregate  of  cells  or  perhaps  as  a  minia- 
ture on  the  outer  surface.  Internal  budding  is  very  common  among  the 
sponges;  while  many  of  the  coelenterates  (Hydra,  for  example)  demon- 
strate the  external  type. 

Some  of  the  parasitic  protozoans  demonstrate  another  type  of 
asexual  reproduction  in  which  a  single  individual  divides  internally  to 
produce  numerous  progeny.  This  is  known  as  multiple  fission.  Among 
the  flatworms,  some  forms  very  commonly  reproduce  by  dividing  trans- 
versely to  produce  several  new  individuals. 

252 
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All  animals  have  at  least  to  some  degree  the  power  to  regenerate 
injured  or  lost  tissues.  Among  some  of  the  lower  invertebrates  this 
power  of  regeneration  is  so  great  that  it  can  be  considered  as  a  type  of 
asexual  reproduction.  In  sponges,  for  example,  fragments  which  are 
broken  ofif  can  easily  develop  into  new  individuals ;  if  a  starfish  is  torn 
in  two  in  such  a  way  that  each  part  contains  a  portion  of  the  central  disc, 
two  new  individuals  will  regenerate. 

While  many  animals  reproduce  both  by  sexual  and  asexual  means, 
the  higher  forms  rely  entirely  upon  sexual  reproduction.  Primarily,  this 
type  of  reproduction  is  of  great  advantage  in  providing  a  method  for 
new  combinations  of  characters  and  a  greater  variety  of  forms. 

The  protozoans  show  two  types  of  sexual  reproduction.  Among  the 
ciliates  (Paramecium,  for  example)  two  fuse  temporarily  and  exchange 
nuclear  material.  They  then  separate  and  produce  new  individuals  by 
binary  fission.  Conjugation  is  the  name  applied  to  this  process.  Other 
protozoans  have  the  more  usual  type  in  which  two  gametes  fuse.  This 
is  known  as  copulation  or  syngamy  in  contrast  to  conjugation.  In  some 
species,  the  gametes  are  identical  in  size  and  appearance  and  are  known 
as  isogametes ;  in  others,  one  gamete  is  much  larger  than  the  other. 
These  are  known  as  heterogametes.  All  animals  other  than  a  few  proto- 
zoans reproduce  by  means  of  heterogametes.  The  large,  nonmotile 
gamete  is  the  egg  or  ovum;  the  smaller  motile  gamete  is  the  sperm. 

Among  the  vertebrates  and  the  higher  invertebrates,  a  single  indi- 
vidual is  ordinarily  able  to  produce  only  one  type  of  gamete.  In  this 
way,  two  individuals  are  absolutely  necessary  for  reproduction.  Often 
these  two  are  quite  unlike  in  both  appearance  and  behavior.  The  one 
producing  the  eggs  is  the  female;  that  producing  the  sperm  is  the  male. 
Animals  of  this  type  are  said  to  be  dioecious.  Among  many  of  the  in- 
vertebrates, a  single  individual  produces  both  eggs  and  sperms.  These 
individuals  are  said  to  be  hermaphroditic.  In  contrast  to  dioecious  ani- 
mals, these  are  also  spoken  of  as  being  monoecious.  Variation  among 
the  offspring  of  monoecious  individuals  is  often  assured  by  cross  fertili- 
zation. 

Many  other  variations  of  sexual  reproduction  occur  in  different 
animals.  In  some  forms,  only  eggs  are  produced  and  these  develop 
without  fertilization.  This  condition  is  known  as  parthenogenesis  and  is 
common  among  many  insects,  crustaceans,  and  some  snails.  Often 
parthenogenesis  is  found  in  these  forms  during  periods  of  favorable 
growth,  while  gametic  union  occurs  before  unfavorable  conditions  such 
as  cold  weather  appear.    Experimentally,  parthenogenesis  has  even  been 
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demonstrated  among  the  higher  vertebrates.  Both  frogs  and  rabbits 
have  been  produced  without  the  necessity  of  a  male  parent.  Another  un- 
usual situation  occurs  in  a  few  forms  where  the  larvae  or  immature 
form  is  able  to  reproduce.  The  gallfly,  Miastor,  commonly  reproduces 
parthenogenetically  when  still  a  larva.    This  is  known  as  paedogenesis. 

The  number  of  eggs  produced  by  the  different  species  varies  greatly. 
In  most  forms,  this  number  is  directly  correlated  with  the  amount  of 
parental  care  given  to  the  young.  Many  of  the  marine  invertebrates  and 
vertebrates  simply  cast  the  eggs  and  sperm  into  the  water.  Except  for 
the  fact  that  the  males  and  females  are  in  the  same  area,  the  fertilization 
of  the  eggs  is  to  a  great  extent  dependent  upon  chance.  Even  after  fer- 
tilization, no  care  is  given  to  the  developing  eggs  or  newly  hatched 
young;  thus  there  is  tremendous  mortality.  While  a  single  animal  of 
this  type  may  produce  millions  of  eggs  within  a  single  year,  the  highly 
developed  mammal  produces  only  a  comparative  few  in  a  lifetime.  In  the 
mammal,  however,  fertilization  is  assured  and  the  developing  young  are 
well  protected. 

Those  animals  which  lay  eggs  that  subsequently  hatch  are  known  as 
oviparous.  In  some  forms  such  as  the  garter  snakes,  these  eggs  are 
retained  within  the  body  of  the  female  until  hatched.  These  forms  are 
known  as  ovoviviparous.  The  extreme  of  parental  care  of  the  young  is 
that  illustrated  by  the  mammals  where  the  fetus  is  actually  nourished 
through  a  complex  connection  with  the  mother.  Such  animals  are  vivi- 
parous. 

Many  complex  behavior  patterns  often  assure  the  fertilization  of  the 
eggs  and  the  subsequent  care  of  the  young. 

FUNCTIONS  OF  THE  REPRODUCTIVE  SYSTEM 

Two  interrelated  functions  may  be  considered  as  being  characteristic 
of  this  system. 

1.  The  Production  of  New  Individuals.  The  primary  function 
of  the  reproductive  system  is  to  assure  the  continuation  of  the  species  by 
providing  the  means  for  the  production  of  new  individuals. 

2.  Genetic  Variability.  In  all  forms  where  cross  fertilization 
occurs,  great  variability  may  exist  within  the  progeny.  This  allows  for 
the  production  of  more  vigorous  individuals  and  also  allows  for  chance 
variations  that  may  prove  favorable. 
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THE  MALE  REPRODUCTIVE  SYSTEM 

Except  for  the  protozoans,  all  animals  have  special  structures  which 
produce  the  sperm.  These  are  known  as  the  testes  (sing,  testis.)  In 
the  lower  forms  (the  sponges  and  coelenterates),  the  testes  are  located  in 
the  body  wall  and  the  sperm  are  shed  directly  into  the  surrounding  water. 
Most  of  the  animal  groups  above  these  have  special  ducts  for  conducting 
the  sperm  outside  the  body.  Many  also  have  special  glands  and  other 
accessory  structures  for  ensuring  the  safe  transfer  of  the  sperm  to  the 
female. 

The  Testes. — The  testis  of  the  adult  mammal  is  an  oval  gland 
surrounded  by  a  thick  white  capsule  formed  of  fibrous  connective  tissue. 
At  the  posterior  edge,  this  capsule  is  thicker  and  projects  into  the  gland 
as  thin  partitions  which  divide  the  organ  into  approximately  250  indi- 
vidual compartments.  These  compartments  are  conical  in  shape  with 
their  apices  toward  the  thickened  edge  of  the  capsule. 

Within  each  lobule  or  compartment  are  the  terminal  portions  of 
one  to  three  seminiferous  tubules  (Fig.  76,A).  Occasionally  the  much- 
convoluted  tubules  of  one  lobule  are  joined  to  those  of  a  neighboring  one 
by  loops. 

Lining  the  seminiferous  tubules  are  two  types  of  epithelial  cells.  A 
smaller  number  act  as  nutritive  and  supporting  cells,  while  the  vast  ma- 
jority are  the  sex  cells.  These  latter,  by  a  complex  series  of  divisions 
and  changes,  become  the  sperm  (Fig.  76,B).  Scattered  in  the  angular 
spaces  between  the  tubules  are  the  interstitial  cells  which,  it  is  believed, 
produce  the  important  male  hormone,  testosterone, 

Embryologically,  the  testes  are  formed  in  the  dorsal  portion  of  the 
body  cavity.  In  many  mammals,  including  human  beings,  the  testes  de- 
scend shortly  before  birth  into  the  scrotum  through  the  inguinal  canals. 
This  descent  of  the  testes  is  apparently  activated  by  the  anterior  pituitary 
with  a  special  structure,  the  gubernaculum,  possibly  playing  an  important 
role.  The  gubernaculum  is  a  ligament  which  extends  from  the  lower 
portion  of  each  testis  through  the  inguinal  canal  and  into  the  scrotum. 
Supposedly  either  by  its  failure  to  grow  after  the  seventh  fetal  month  (in 
human  beings)  or  by  actual  shortening,  the  gubernaculum  pulls  the  testis 
through  the  inguinal  canal  down  into  the  scrotum.  This  latter  structure 
is  simply  a  special  pouch  of  the  skin  into  which  an  extension  of  the  body 
wall  accompanies  the  sac  of  peritoneum  which  is  carried  along  with  the 
descending  testis  and  its  accompanying  blood  vessels  and  ducts.  The 
inguinal  canal  is  the  passageway  from  the  body  cavity  into  the  scrotum. 
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Many  mammals,  such  as  man,  retain  the  testes  permanently  in  the 
scrotum,  and  normally  the  inguinal  canals  close.  If  the  inguinal  canal 
does  not  obliterate,  portions  of  the  intestine  at  times  slip  into  the  canal 
to  produce  inguinal  hernias.  Other  animals  whose  testes  remain  per- 
manently descended  are  cats,  dogs,  ungulates,  seals,  marsupials,  and  most 
primates. 
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Fig.  75. — The  male  reproductive  system.  (By  permission  from  Man  and  the 
Biological  World,  by  Rogers,  Hubbell,  and  Byers,  1952.  McGraw-Hill  Book  Com- 
pany, Inc.) 

Another  group  of  mammals  includes  those  whose  testes  descend  only 
during  periods  of  sexual  activity.  The  rats,  bats,  camels,  otters,  and 
some  apes  are  included  here.  A  third  group  consists  of  those  mammals 
whose  testes  remain  permanently  within  the  body  cavity.  Such  animals 
as  the  elephants,  whales,  and  the  duck-billed  platypus  represent  this  type. 
All  vertebrates  other  than  the  mammals  have  their  testes  located  within 
the  body  cavity. 

At  first  it  appears  relatively  unfavorable  to  have  important  organs 
such  as  the  testes  in  such  an  exposed  position  outside  the  body  cavity. 
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It  appears,  however,  that  it  is  a  necessary  evil  inasmuch  as  the  sperm 
are  not  viable  at  the  higher  temperatures  of  the  body.  This  hypothesis 
appears  to  be  verified  by  the  fact  that  the  failure  of  the  testes  to  descend 
(cryptorchidisin)  is  almost  always  accompanied  by  sterility;  temporary 
sterility  often  follows  fevers.  Also  those  mammals  which  retain  the 
testes  within  the  body  cavity  commonly  have  lower  body  temperatures. 

Due  to  the  unusual  descent  of  the  testes,  they  are  surrounded  by  a 
double  layer  of  peritoneum.  The  heavy  connective  tissue  sheath  is  di- 
rectly below  this,  while  in  direct  contact  with  the  surface  of  each  testis 
is  a  vascular  laver  of  tissue. 
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Fig.  76. — Testis  and  sperm.     A,  Semidiagrammatic  section  of 
testis;  B,  human  sperm. 

The  Ducts  of  the  Reproductive  System. — The  much-convoluted 
seminiferous  tubules  of  the  lobules  straighten  out  near  the  apex  and  pass 
into  the  heavy  posterior  edge  of  the  capsule  where  they  anastomose  with 
other  tubules  to  form  irregular  epithelial-lined  spaces.  These  spaces  with 
their  surrounding  connective  tissues  are  known  as  the  rete  testes.  A 
series  of  tubules,  continuous  with  those  of  the  rete  testes,  emerge  to 
form  the  vasa  efferentia.  Finally  these  tubules  unite  to  form  the  epi- 
didymis which  in  turn  gives  rise  to  the  vas  deferens. 

Closely  adhered  to  the  testis  is  the  epididymis,  a  mass  of  connective 
tissue  and  ducts.  There  are  three  portions  to  this  structure :  the  head, 
body,  and  tail.  The  head  is  formed  of  the  many  vasa  efferentia  and  their 
surrounding  connective  tissue,  while  the  body  and  tail  are  composed 
of  the   heavy   coiled   epididymis   and   its    surrounding   tissues.      From 
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the  tail  of  the  epididymis,  the  vas  deferens  passes  upward  as  part  of  the 
spermatic  cord.  This  latter  structure  is  made  up  of  connective  tissue, 
blood  vessels,  and  the  vas  deferens.  Owing  to  the  path  which  the  testis 
took  when  migrating  to  the  scrotum,  the  vas  deferens  loops  over  the 
ureter  before  joining  the  urethra  at  the  base  of  the  urinary  bladder. 

The  Penis. — Within  the  penis  is  the  urethra  which  serves  as  the 
common  passageway  for  the  sperm  and  urine.  Essentially,  however,  the 
penis  should  be  regarded  as  the  copulatory  organ  of  the  male.  The 
greater  bulk  of  the  structure  is  made  up  of  three  cylindrical  masses  of 
tissues  which  contain  large  vascular  spaces.  When  these  are  filled  with 
blood,  the  penis  becomes  erect. 

The  tip  of  the  penis  where  the  urethra  opens  is  slightly  enlarged  to 
form  the  glans  penis.  Covering  this  portion  is  the  prepuce  or  foreskin,  a 
fold  of  skin  which  is  continuous  with  that  of  the  rest  of  the  body.  Within 
this  fold  are  small  sebaceous  glands  which  produce  an  odoriferous  sub- 
stance. The  secretion  of  these  glands  acts  as  a  lubricant  during  copula- 
tion. 

The  Glands  of  the  Reproductive  System. — Several  glands  are 
associated  with  the  male  reproductive  tract.  Just  before  the  junction 
of  the  vas  deferens  with  the  urethra,  there  is  a  pair  of  saclike  glands, 
the  seminal  vesicles.  These  are  lined  with  mucous  glands.  Immediately 
below  the  junction  of  the  urethra  and  vasa  deferentia  is  the  lobed  pros- 
tate gland  which  secretes  a  viscid  alkaline  fluid,  the  prostatic  fluid. 
Slightly  below  the  prostate  gland  on  either  side  of  the  urethra  are  two 
very  small  glands,  Cowper's  glands,  which,  too,  secrete  a  viscid  fluid. 
The  secretions  of  these  glands  along  with  sperm  form  the  semen. 

The  semen  is  a  grayish  white,  viscid  fluid,  containing  about 
70,000,000  sperm  in  a  cubic  centimeter.  During  a  single  ejaculation  at 
least  300,000,000  are  released.  The  secretions  of  the  three  sets  of 
glands  act  as  a  medium  for  transporting  the  tiny  sperm.  Also  their 
alkalinity  protects  the  sperm  against  the  destructive  acidity  of  the  female 
genital  tract. 

The  Sperm. — The  individual  human  sperm  (Fig.  76,B)  is  about 
0.05  mm.  in  length,  and  consists  of  a  head,  middle  piece,  tail,  and  end 
piece.  The  head  is  formed  from  the  nuclear  material  of  the  cell  from 
which  the  sperm  arose ;  the  tail  gives  motility  to  it.  Each  sperm  passes 
from  the  tubule,  where  it  is  produced,  into  the  epididymis,  where  it 
completes  its  development.    As  it  passes  through  the  ducts,  cilia  lining 
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these  ducts  aid  its  movements.  The  secretions  of  the  seminal  vesicles, 
prostate,  and  Cowper's  glands  are  gradually  added,  and  the  semen  thus 
is  formed. 

Sperm  are  first  produced  at  puberty,  and  are  then  produced  con- 
tinuously throughout  the  lifetime  of  the  individual.  At  puberty,  their 
production  is  accompanied  by  several  changes  which  are  apparently 
brought  about  by  the  endocrine  secretions  of  the  interstitial  cells  of  the 
testes.  These  accompanying  changes  include  such  things  as  the  lower- 
ing of  the  voice  and  the  appearance  of  heavier  hair  on  the  face. 

THE  FEMALE  REPRODUCTIVE  SYSTEM 

Just  as  all  animals  but  the  protozoans  have  testes  for  the  produc- 
tion of  sperm,  they  also  have  special  structures  for  the  production  of  the 
eggs,  the  ovaries.   Similarly,  forms  such  as  the  sponges  and  coelenterates 
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Fig  77 —The  female  reproductive  system.  (By  permission  from  Man  and 
the  Biological  World,  by  Rogers.  Hubbell,  and  Byers,  1952.  McGraw-Hill  Book 
Company.  Inc.) 

shed  the  eggs  directly  into  the  surrounding  medium.  Fertilization  and 
development  are  dependent  upon  chance.  Most  of  the  animals  above 
these  forms  have  progressively  greater  assurances  for  the  fertilization 
of  the  eggs  and  at  times  for  the  care  of  the  young.  The  mammals  again 
show  the  culmination  of  this  development  of  specialized  structures. 
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The  Ovaries. — The  mamalian  ovaries  are  somewhat  flattened,  bean- 
shaped  organs  located  in  the  abdominal  cavity  slightly  posterior  to  the 
kidneys.  They  are  quite  small  in  human  beings,  measuring  only  one 
and  one-half  inches  in  length  by  about  three-fourths  inches  in  width. 
Each  ovary  is  attached  to  the  broad  ligament  of  the  uterus  by  means  of  a 
mesentery,  the  mcsovarimn. 

Histologically,  the  ovary,  (Fig.  7B>)  is  seen  to  consist  of  a  matrix  of 
connective  tissue  covered  with  a  germinal  epithelium.  It  is  this  epithe- 
lium that  gives  rise  to  the  female  germ  cells  and  follicles  in  the  embryo. 
In  the  newborn  infant  there  are  approximately  400,000  follicles,  but 
during  the  lifetime  of  the  individual,  no  more  than  400  mature  to  dis- 
charge their  ova.  The  remaining  ones  gradually  disintegrate  and  dis- 
appear and  possibly  may  function  to  produce  the  female  sex  hormones. 
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Fig.  78. — A  semidiagrammatic  section  of  the  ovary. 


During  the  reproductive  life  of  the  individual,  single  follicles  grad- 
ually sink  into  the  matrix  of  the  ovary  and  enlarge.  During  this  period, 
the  ovum  gradually  increases  in  size  and  the  number  of  follicular  cells 
becomes  greater.  The  follicle  fills  with  fluid  and  gradually  bulges  from 
the  surface  of  the  ovary.  It  is  known  as  a  Graafian  follicle.  Ovulation 
occurs  when  the  follicle  ruptures  to  discharge  the  ovum  into  the  oviduct. 
After  ovulation,  the  follicular  cells  change  and  contain  a  yellow  pig- 
ment; this  body  is  the  corpus  luteum.  If  the  ovum  is  not  fertilized, 
this  body  gradually  disintegrates. 

The  Reproductive  Tract.— The  female  genital  tract  (Fig.  77)  is 
formed  of  the  oviducts  or  fallopian  tubes,  the  uterus,  and  the  vagina.    In 
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human  beings,  the  uterus  is  attached  to  the  body  wall  chiefly  by  two  liga- 
ments: the  broad  and  round  ligaments.  The  broad  ligaments  originate 
on  the  lateral  margin  of  the  uterus  and  extend  to  the  pelvis ;  the  round 
ligaments  have  their  origin  at  the  lateral  angle  of  the  uterus  and  also  ex- 
tend to  the  sides  of  the  pelvis.  Actually  there  is  great  flexibility  in  the 
exact  position  of  the  uterus,  and  it  is  more  suspended  from  than  attached 
to  any  bony  structure. 

The  paired  Fallopian  tubes  are  located  along  the  upper  border  of 
the  broad  ligaments.  Laterally  they  open  into  the  abdominal  cavity  in 
proximity  to  the  ovary.  The  lumen  of  the  Fallopian  tubes  is  very  small 
and  is  lined  with  ciliated  epithelium.  The  beat  of  these  cilia  plus  some 
peristaltic  waves  serves  to  propel  the  egg  from  the  ovary  to  the  uterus. 
It  is  not  entirely  clear  as  to  just  how  the  egg  gets  into  the  oviduct,  but 
possibly  currents  set  up  by  the  cilia  draw  it  in  through  the  tiny  mouth. 
Fertilization  of  the  ovum  normally  occurs  in  the  Fallopian  tubes  and  de- 
velopment is  here  initiated. 

In  human  beings,  the  uterus  is  an  unpaired,  pear-shaped,  muscular 
organ.  Its  cavity  is  continuous  with  that  of  the  Fallopian  tubes,  and  it 
is  separated  from  the  vagina  by  a  muscular  ridge,  the  cervix.  Histo- 
logically, the  wall  of  the  uterus  is  composed  of  three  distinct  layers :  an 
outer  serous  or  peritoneal  layer,  a  middle  smooth  muscle  layer,  and  an 
inner  mucous  membrane,  the  endometrium.  Implantation  and  develop- 
ment of  the  fertilized  ovum  occur  in  the  uterus. 

The  shape  of  the  uterus  varies  greatly  among  the  different  mam- 
mals, and  is,  in  general,  correlated  with  the  number  of  young  born  at  one 
time.  In  animals,  such  as  the  pig,  that  have  multiple  births,  the  uterus 
consists  of  a  very  short  body  and  two  horns  in  which  the  fetuses  develop. 

The  unpaired  vagina  extends  from  the  cervix  of  the  uterus  to  the 
urogenital  sinus.  The  wall  of  the  vagina  is  formed  of  an  inner  mucous 
lining,  a  middle  muscular  layer,  and  an  outer  connective  tissue  layer.  Its 
opening  is  partially  closed  by  a  thin  connective  tissue  membrane,  the 
hymen. 

Collectively  the  external  genital  organs  of  the  female  are  known  as 
the  vulva.  They  consist  of  the  mons  pubis,  a  rounded  fatty  area  in  front 
of  the  pubic  symphysis ;  the  labia  major,  two  longitudinal  folds  of  skin 
extending  from  the  mons  pubis  to  the  anus ;  the  labia  minora,  two  smaller 
folds  between  the  labia  majora;  and  the  clitoris,  which  is  homologous 
with  the  penis  of  the  male.  All  of  these  are  richly  supplied  with  nerve 
endings,  blood  vessels,  and  sebaceous  glands. 
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The  Egg. — The  individual  human  egg  is  a  small  sphere  about  0.2 
mm.  in  diameter.  Surrounding  the  egg  as  it  is  released  from  the  ovary 
are  several  small  follicular  cells.  Immediately  next  to  the  egg  is  a  heavy 
membrane,  the  sona  pellucida.  The  cytoplasm  has  some  yolk  granules, 
and  the  nucleus  is  approximately  in  the  center  of  the  cell. 

Ova  are  first  released  from  the  ovary  at  puberty ;  this  release  is  ac- 
complished by  the  first  appearance  of  the  menstrual  cycle  and  the  de- 
velopment of  the  familiar  secondary  sexual  characters.  The  ova  are 
released  at  approximately  twenty-eight-day  intervals  (except  during 
pregnancy)  until  the  menopause,  which  occurs  normally  between  the 
forty-fifth  and  fiftieth  years.  At  this  time,  the  follicles  of  the  ovary  dis- 
integrate, menstrual  cycles  stop,  and  the  various  sex  hormones  are  grad- 
ually withdrawn. 

The  Mammary  Glands. — Although  the  mammary  glands  are  not 
directly  associated  with  the  reproductive  organs,  they  function  as  acces- 
sory organs  after  the  birth  of  young  among  the  mammals.  At  birth  they 
are  very  small  and  they  enlarge  at  puberty.  During  pregnancy,  further 
enlargement  occurs,  and  the  glands  become  functional  after  parturition. 
Their  functioning  is  dependent  upon  the  release  of  the  hormone  prolactin 
by  the  anterior  pituitary. 

Menstruation. — During  the  reproductive  period  of  the  human 
female,  the  mucosal  lining  of  the  uterus  undergoes  definite  cyclical 
changes  related  to  ovulation.  These  cycles  take  approximately  twenty- 
eight  days  for  completion.  Each  cycle  begins  with  the  start  of  men- 
struation which  lasts  for  four  to  five  days.  At  this  time,  the  endo- 
metrium of  the  uterus  undergoes  extensive  degeneration  and  is  sloughed 
off.  A  new  follicle  begins  to  develop  in  the  ovary,  and  the  corpus  luteuni 
of  the  previously  expelled  ovum  gradually  disappears.  After  men- 
struation ceases,  there  is  a  resting  period  during  which  the  endometrium 
begins  to  be  restored  and  the  new  ovum  matures.  This  period  lasts 
from  the  fourth  to  eighth  day  of  the  cycle.  The  next  period,  the  interval, 
lasts  until  about  the  eighteenth  day.  At  this  time,  the  endometrium 
regains  its  original  thickness.  Ovulation  occurs  on  about  the  four- 
teenth day  of  the  cycle.  The  last  period,  taking  place  from  the  eight- 
eenth to  the  twenty-eighth  day  is  known  as  the  premenstrual  period.  At 
this  time,  the  corpus  luteuni  is  forming,  the  released  ovum  is  disinte- 
grating, and  the  endometrium  gradually  starts  breaking  down. 

As  was  noted  previously,  these  changes  are  under  the  control  of 
the  endocrines. 
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Pregnancy. — Fertilization  of  the  human  ovum  usually  occurs  about 
the  fourteenth  day  of  the  menstrual  cycle.  It  takes  the  fertilized  ovum 
approximately  ten  days  to  reach  the  uterus  and  to  begin  implantation. 
In  the  meantime,  the  endometrium  has  proliferated  in  preparation  for 
the  reception  of  the  ovum.  If  both  fertilization  and  implantation  are 
successful,  the  corpus  luteum  continues  to  grow  and  secrete  the  hormone 
progesterone.  The  secretion  of  this  hormone  seems  to  be  necessary  for 
the  maintenance  of  pregnancy  for  at  least  the  first  three  months  in 
human  beings.  Normally,  in  human  beings,  parturition  or  birth  of 
the  young  occurs  280  days  after  the  beginning  of  the  last  menstrual 
period.    Menstruation,  of  course,  does  not  occur  during  pregnancy. 
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Fig.  79. — Diagram  of  the  changes  that  occur  in  the  endometrium  of  the  uterus 
during  an  ordinary  menstrual  cycle  and  in  one  terminating  in  pregnancy.  These 
changes  are  correlated  with  the  ovarian  cycle.  (Modified  from  Patten:  Human 
Embryology,  The  Blakiston  Company.) 


Estrus.— While  man  and  a  few  other  primates  have  a  mating  sea- 
son which  lasts  throughout  the  year,  other  mammals  are  receptive  to 
copulation  only  at  certain  periods.  These  periods  of  sexual  drive  known 
as  heat  or  estrus  occur  with  varying  frequency  in  different  mammals. 
The  recurring  cycles  may  vary  from  five  days  in  the  rat  to  about  sixteen 
days  for  the  hog  and  guinea  pig.  Many  wild  animals  have  but  one 
cycle  a  year;  others,  such  as  the  dog,  have  two.  Very  often  estrus 
is  accompanied  by  a  vaginal  discharge,  and  usually  is  associated  with 
the  release  of  eggs  from  the  ovary.     Some  animals  such  as  the  cat 
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and  rabbit,  however,  do  not  ovulate  until  after  mating  has  occurred. 
The  bat  has  an  even  more  unique  arrangement  by  which  the  sperm  are 
stored  in  the  vagina  for  several  months  after  copulation.  Copulation 
occurs  in  the  fall,  while  fertilization  occurs  the  following  spring. 


SECTION  III 
THE  CELL  AS  THE  BASIS  OF  ORGANIC  ACTIVITY 


CHAPTER  15 

CELLS  AND  THEIR  ACTIVITIES 


Despite  the  tremendous  variety  of  the  organic  world,  there  are  a 
few  unifying  principles  which  demonstrate  the  essential  unity  of  all 
living  matter.  One  of  these  principles  is  the  cell  theory  which  states 
that  with  but  rare  exceptions  all  living  things  are  composed  of  cells  or 
cell  products. 

Like  most  great  principles,  the  formulation  of  this  theory  and  its 
implications  was  dependent  upon  the  work  of  a  great  many  different 
investigators  in  seemingly  unrelated  fields.  This  work  started  some 
300  years  ago  and  is  continuing  at  an  increasing  pace  at  present.  The 
gross  anatomy  of  plants  and  animals  was  quite  well  known  even  at 
the  beginning  of  the  sixteenth  century,  but  until  some  method  of  mag- 
nification was  developed,  the  finer  details  of  structure  could  not  be 
discerned.  Lenses  were  known  even  in  antiquity,  and  in  Europe 
they  were  manufactured  from  the  thirteenth  century  onward.  In  that 
same  century,  Roger  Bacon  suggested  that  these  lenses  be  used  as 
spectacles  and  predicted  the  invention  of  the  miscroscope  and  telescope. 
Near  the  end  of  the  sixteenth  century,  a  Dutch  father  and  son  by  the 
name  of  Janssen  combined  some  lens  in  a  tube  in  such  a  way  as  to  make 
it  possible  to  magnify  small  objects,  but  the  actual  invention  of  the 
microscope  should  probably  be  credited  to  Galileo. 

The  invention  of  the  microscope  stimulated  the  curiosity  of  a  great 
many  individuals  whose  names  are  still  familiar  to  many  of  us.  Some 
of  these  names  have  been  immortalized  by  being  applied  to  various 
structures  which  these  people  first  discovered.  Obviously  it  is  impos- 
sible to  give  a  full  recital  of  all  these  men,  but  a  few  names  should 
be  included  because  of  outstanding  contributions. 
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Among  those  individuals  who  looked  at  nearly  everything  that  was 
within  reach,  the  name  of  Leeuwenhoek  is  an  outstanding  one.  He  was 
a  Dutch  merchant  who  in  his  spare  time  ground  lenses  and  made  ob- 
servations. He  lived  for  91  years  (1632-1723),  made  at  least  400  mi- 
croscopes, and  sent  numerous  communications  to  the  Royal  Society 
of  London. 

Robert  Hooke  (1635-1703)  may  be  considered  to  be  one  of  the 
best  of  the  early  microscopists.  His  fame  in  biology  is  assured  by  the 
fact  that  he  was  the  first  man  to  use  the  word  cell  to  describe  the  struc- 
tural  unit  of  the  plants  he   examined. 

The  name  cell,  meaning  hollow  space,  was  in  this  way  given  to 
these  building  blocks  of  tissue.  This  name  is  perhaps  not  the  best 
possible,  for  it  tends  to  emphasize  the  wall  rather  than  the  important 
contents. 

Due  to  the  poor  quality  of  the  microscopes  of  this  early  period, 
more  detailed  discoveries  were  delayed  until  the  early  part  of  the  nine- 
teenth century.  At  the  beginning  of  the  nineteenth  century,  a  French- 
man, Bichat,  introduced  the  word  tissue  to  describe  the  groups  of  simi- 
lar cells  massed  together.  Although  his  work  cannot  be  considered  to 
be  of  the  greatest  importance,  it  does  indicate  the  renewal  of  interest 
in  the  microscopic  structure  of  living  materials. 

Robert  Brown,  whose  name  is  familiar  in  Brownian  movement, 
in  the  year  1831  studied  cells  in  orchids  and  first  noted  that  nuclei  were 
a  regular  feature  of  plant  cells.  Another  man,  Purkinje,  in  1839,  named 
the  contents  of  the  cell,  protoplasm. 

The  final  formulation  of  the  cell  theory  is  credited  to  two  men, 
a  botanist,  Schleiden,  and  a  zoologist,  Schwann.  Schleiden  in  1838 
conceived  the  idea  that  the  cell  was  the  essential  unit  of  the  living 
organism  after  his  studies  on  many  different  plants ;  Schwann  in  1839 
showed  that  the  same  principle  applied  to  animals. 

Since  this  period,  interest  has  centered  more  on  the  contents  of 
the  cells  and  their  functions.  A  vast  number  of  investigators  has  dem- 
onstrated that  the  cell's  contents  is  not  a  homogeneous  mass,  but  rather 
that  it  is  made  up  of  a  number  of  specialized  structures  with  particu- 
lar functions.  This  work  has,  of  course,  been  made  possible  by  techni- 
cal advances  in  the  manufacture  of  microscopes.  The  electron  micro- 
scope represents  a  new  advance  by  which  great  magnifications  up  to 
20,000  times  are  possible.  In  this  microscope,  a  beam  of  electrons 
is  utilized  and  the  image  is  recorded  on  photographic  film.  Further 
knowledge  has  also  been  made  possible  by  the  development  of  the  phase 
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contrast  microscope.  This  microscope  increases  the  contrast  of  parts  by- 
special  optical  means  in  which  differences  of  structures  are  converted  into 
differences  visible  to  the  eye.  Phase  microscopy  thus  is  invaluable  for 
the  study  of  living  cells. 

THE  STRUCTURE  OF  THE  CELL 

The  shape  and  size  of  cells  varies  greatly,  depending  upon  the 
function  and  the  location  of  the  individual  cell.  Nearly  all,  however, 
have  the  same  essential  parts  which  may  be  variously  modified.  The 
two  most  conspicuous  regions  of  the  cell  are  the  nucleus  bounded  by  the 
nuclear  membrane,  and  the  cytoplasm  with  the  plasma  and  cell  mem- 
branes at  its  outer  limits.  All  the  protoplasm  of  the  cell  contained 
within  the  plasma  membrane  is  known  as  the  protoplast.  Within  both 
these  regions  are  many  smaller  structures  which  play  a  significant  role 
in  the  life  of  the  cell.  Only  recently  with  special  staining  techniques  and 
microchemical  analysis  is  the  complexity  of  these  minute  structures 
becoming  more  evident. 
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Fig.  80. — Diagram  of  an  animal  cell. 

The  Nucleus.— Usually  the  nucleus  is  located  at  the  physiological 
center  of  the  cell,  which  is  very  often  also  the  geographical  center.  In 
the  fixed,  stained  cell  certain  definite  structures  are  clearly  visible 
within  the  nucleus.  These  include  the  nucleolus,  the  nuclear  membrane, 
and  a  series  of  interlaced  filaments,  the  chromonemata. 

The  chromonemata  contain  a  granular  substance,  chromatin,  which 
stains  brightly  with  certain  coloring  materials.     Very  often  the  indi- 
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vidiial  chromonema  (sing,  of  chromonemata)  appear  to  be  connected 
by  even  finer  filaments  known  as  linin.  These  particular  structures 
are  of  extreme  interest  due  to  the  fact  that  at  the  time  of  cell  division, 
they  form  the  chromosomes  upon  which  the  hereditary  factors  are 
carried.  The  hereditary  factors  are  in  the  chromatin.  The  chromo- 
somes are  probably  the  most  studied  of  all  parts  of  the  cells  due  to 
this  importance.  The  individual  chromosome  may,  in  general,  be  de- 
scribed as  a  rod-shaped,  highly  staining  structure,  which  is  capable 
of  reproducing  itself. 

The  nucleolus  is  a  small  refractive  body  which  is  found  in  most 
animal  cells ;  at  times,  there  are  even  several  nucleoli  within  a  single 
nucleus.  Their  exact  function  in  the  cell  has  been  very  difficult  to 
determine.  The  confusion  arises  from  the  fact  that  the  nucleolus  dis- 
appears soon  after  cell  division  starts  and  the  chromosomes  form ;  it 
reappears  as  the  chromosomes  disappear.  From  this  relationship,  it  has 
been  suggested  that  the  nucleolus  is  a  reserve  of  material  which  is 
added  to  the  chromonemata  to  form  the  chromosomes. 

The  protoplasm  of  the  nucleus  which  is  termed  nucleoplasm  is 
separated  from  the  cytoplasm  of  the  remainder  of  the  cell  by  the  nuclear 
membrane.  While  this  membrane  is  a  definite  structure,  its  exact 
nature  is  not  clearly  understood. 

The  Cyloplasm. — All  the  protoplasm  of  the  cell  outside  the 
nucleus  is  termed  cytoplasm.  It  appears  granular  in  structure  and 
usually  is  less  dense  than  the  nucleus.  Within  the  cytoplasm  are  many 
structures  which  can  be  demonstrated  by  proper  fixation  and  staining. 

In  all  cells  there  is  a  varying  amount  of  material  which  is  collec- 
tively known  as  cellular  inclusions.  These  are  made  up  of  fat  drop- 
lets, crystalline  salts,  protein  bodies,  and  other  materials.  In  egg 
cells  these  inclusions  of  stored  food  assume  an  important  role  for  the 
nourishment  of  the  embryo.  The  single-celled  bird's  egg  has  the 
major  part  of  its  bulk  formed  of  these  stored  materials. 

Within  the  cytoplasm  there  are  often  small  cavities,  vacuoles,  which 
are  filled  with  a  less  dense  material.  They  are  separated  from  the  cyto- 
plasm by  a  membrane.  They  are  very  large  in  plant  cells,  and  often 
completely  lacking  in  animal  cells.  Scattered  throughout  the  cytoplasm 
are  many  small  dark-staining  bodies  which  are  either  filamentous,  granu- 
lar, or  rod  shaped.  These  are  the  mitochondria  or  chondriosomes. 
Their  exact  function  is  not  clearly  understood,  but  it  has  been  shown 
that  they  carry  certain  enzymes  and  may  act  to  aid  in  the  concentration 
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of  various  substances.  Apparently  they  have  some  relationship  to  se- 
cretion of  materials  inasmuch  as  they  are  more  abundant  in  glandular 
than  in  other  cells. 

Another  structure  found  in  the  cytoplasm  is  the  Golgi  apparatus. 
Very  often,  this  is  located  close  to  the  nucleus ;  its  form  varies  consid- 
erably from  one  cell  to  another  and  even  within  a  single  cell.  Usually, 
however,  it  is  in  the  form  of  a  dense  network.  Again,  it  is  difficult  to 
assign  any  exact  function  to  this  Golgi  apparatus.  From  indirect  evi- 
dence, it  appears  that  it  plays  a  part  in  the  secretion  of  cells  and  may 
act  as  a  condensation  surface  for  particular  substances. 

Located  near  the  nucleus  is  the  small  centrosome  which  is  formed 
of  two  parts :  the  deeply  staining  granule  or  granules,  the  centriole, 
together  with  the  surrounding  denser  mass,  the  centrosphere.  The 
centrosome  is  present  in  all  animal  cells  where  it  plays  an  important 
role  in  cell  division. 

The  outer  limits  of  the  protoplast  are  marked  by  an  exceedingly 
thin  membrane,  the  plasma  membrane.  Usually  this  membrane  is  in- 
visible, but  its  presence  can  be  easily  demonstrated.  It  is  possibly 
formed  of  a  lipid  layer  to  which  are  adhered  a  layer  of  protein  mol- 
ecules. The  dynamic  balance  of  the  cell  with  its  immediate  environ- 
ment is  mediated  by  this  membrane.  By  its  ability  to  regulate  the  move- 
ments of  materials  into  and  out  of  the  cell,  the  plasma  membrane  plays 
an  absolutely  essential  role  in  the  life  of  the  cell.  Thus  the  plasma 
membrane  is  a  true  semipermeable  membrane  which  permits  certain 
molecules  to  pass  through  while  at  the  same  time  excluding  others. 

Outside  the  plasma  membrane,  a  heavier  structure,  the  cell  wall  or 
membrane,  is  often  present.  In  plants  this  is  a  very  conspicuous  cellulose 
structure,  but  in  animals,  it  is  often  very  thin  and  inconspicuous.  Unlike 
the  plasma  membrane,  this  wall  is  visible  with  an  ordinary  microscope. 

The  movement  of  materials  in  and  out  of  the  cell  as  regulated  by 
the  plasma  membrane  is  subject  to  the  laws  governing  osmosis  and 
diffusion.  To  a  great  extent  this  cell  permeability  is  further  influenced 
by  certain  ions,  such  as  those  of  calcium,  sodium,  and  potassium.  The 
metabolism  of  these  ions  is  in  turn  controlled  by  the  endocrines — again 
demonstrating  the  extreme  complexity  of  the  interrelationships  of  the 
functioning  organism. 
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CELL  DIVISION 

The  growth  of  an  organism  involves  both  an  increase  in  size  of 
individual  cells  and  an  increase  in  numbers  of  these  cells.  In  multi- 
cellular forms,  this  increase  in  cell  number  is  brought  about  by  cell 
division.  While  it  might  appear  simpler  for  a  cell  merely  to  pull  in 
two,  this  is  not  the  way  it  actually  happens.  Rather  an  indirect  method 
known  as  mitosis  occurs.  In  this,  the  nuclear  membrane  first  breaks 
down  and  the  chromosomes  divide;  this  is  followed  by  division  of  the 
cytoplasm.  The  importance  of  this  indirect  method  is  evident  when 
it  is  recalled  that  the  chromosomes  carry  the  hereditary  material  which 
must  be  distributed  to  each  daughter  cell. 

Cell  division  is  a  continuous  process  once  initiated ;  however,  for 
convenience  it  is  arbitrarily  divided  into  several  phases. 


EARUr  PROPHASE 
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METAPHASE  ANAPHASE  TELOPHASE 

Fig.    81. — Mitosis    in    thie    roundworm    Ascaris    (somewhat    diagrammatic). 


Mitosis:  the  Interphase. — The  undividing  cell  as  described  above 
is  considered  to  be  in  the  resting  stage  or  interphase.  The  term  inter- 
phase is  a  more  descriptive  one  inasmuch  as  the  living  cell  is  never 
truly  resting,  rather  it  is  always  undergoing  metabolic  activity.  During 
this  phase,  the  chromatin  is  scattered  throughout  the  nucleus  on  the 
chromonemata,  the  centrioles  lie  close  together,  and  the  nuclear  mem- 
brane is  intact. 

Early  Prophase. — The  first  indication  that  the  cell  is  about  to 
divide  occurs  when  the  chromonemata  and  its  chromatin  divide  longi- 
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tudinally,  increase  in  thickness,  and  shorten  gradually  to  form  the 
chromosomes.  As  the  chromosomes  appear  they  first  consist  of  two  fila- 
ments formed  from  the  chromonemata.  The  gradual  condensation  and 
shortening  plus  extra  material  results  in  the  formation  of  the  chromo- 
somes. Each  chromosome  consists  of  two  chromatids  closely  associated 
throughout  their  length.  The  centrioles  at  this  same  time  gradually 
separate,  one  migrating  toward  either  end  of  the  cell.  The  centriole 
is  accompanied  by  a  system  of  radiations  called  asters  or  astral  rays, 
and  between  the  two  centrioles  a  bundle  of  filaments,  the  spindle,  gradu- 
ally arises. 

Late  Prophase. — By  the  end  of  early  prophase,  the  chromosomes 
are  well  formed  and  the  spindle  is  beginning  to  be  in  position.  This  is 
followed  by  the  disintegration  of  the  nuclear  membrane,  the  complete 
formation  of  the  spindle,  the  disappearance  of  the  nucleolus,  and  the 
convergence  of  the  chromosomes  toward  the  center  of  the  cell.  It  is 
fairly  evident  during  this  late  prophase  that  each  chromosome  is  a 
double  structure. 

Metaphase. — This  phase  occupies  but  a  short  period  of  time  and 
marks  a  point  of  equilibrium  between  the  convergence  of  the  chromo- 
somes and  their  movement  toward  the  centrioles  or  poles.  The  double 
structure  of  the  chromosomes  is  clearly  evident  at  this  time.  The  posi- 
tion of  the  chromosomes  upon  the  spindle  is  here  called  the  equatorial 
plate.  The  chromosomes  are  actually  at  the  edge  of  the  cell  arranged 
in  a  radial  manner  upon  the  equator  of  the  spindle.  This  is  clearly  evi- 
dent from  a  polar  view  of  the  pattern. 

Anaphase. — The  equilibrium  characteristic  of  the  metaphase 
rapidly  disappears  as  the  chromosomes  start  moving  away  from  the 
equatorial  plate  toward  the  asters.  This  movement  seems  to  be  facili- 
tated by  the  gradual  shortening  of  the  spindle  fibers.  As  each  chromo- 
some is  attached  to  a  spindle  fiber,  this  results  in  their  moving  pole- 
ward. The  movement  is  also  assisted  by  an  apparent  repulsion  between 
the  two  chromosomes.  These  chromosomes  are  termed  daughter 
chromosomes  when  they  start  separating.  Each  daughter  chromosome 
is  one  of  the  former  chromatids. 

Telophase. — The  end  of  this  polar  migration  marks  the  start  of 
the  telophase.  The  chromosomes  gradually  lose  their  identity  and  the 
nucleus  starts  reforming.  This  is  followed  by  the  constriction  of  the 
cytoplasm  in  the  equatorial  region.     As  this  constriction  deepens,  the 
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two  daughter  cells  gradually  separate  from  one  another.     Each  daugh- 
ter cell  now  has  exactly  equal  and  identical  kinds  of  chromatin  material. 

The  Duration  and  Cause  of  Mitosis. — The  duration  of  the  mi- 
totic cycle  varies  with  the  condition  of  the  organism,  the  type  of  cell, 
and  the  temperature  of  the  environment.  The  entire  process  may  vary 
in  length  from  nine  minutes  in  a  Drosophila  embryo  to  over  200  in  some 
other  cells. 

As  to  the  factors  which  initiate  cell  division,  much  remains  to 
be  learned.  It  has  been  suggested  that  there  is  a  relationship  between 
the  surface  area  of  the  cell  and  the  volume.  As  surface  area  does  not 
increase  so  rapidly  as  does  volume,  this  may  be  important  in  the 
metabolism  of  the  cell.  Possibly  when  the  cell  gets  too  large,  it  must 
divide.  Changes  in  electrical  potential,  viscosity  of  the  protoplasm,  and 
surface  tension  may  also  be  initiating  devices. 

Amitosis. — This  is  another  method  of  cell  division  in  which 
the  nuclear  configuration  characteristic  of  mitosis  is  absent;  that  is, 
spindle  fibers  and  chromosome  formation  are  not  seen.  This  is  actually 
found  only  in  abnormal  cells,  some  transitory  cells  (such  as  those 
found  in  embryonic  membranes),  and  possibly  a  few  protozoans.  Can- 
cer cells  are  characterized  by  the  abnormal  appearance  of  the  chromatin 
material. 

CHROMOSOME  NUMBER 

The  number  of  chromosomes,  their  shapes,  sizes,  and  behavior 
are  all  characteristic  for  a  given  species.  They  vary  considerably  from 
one  species  to  another,  but  are  constant  within  any  given  species. 
Chromosomes  occur  always  in  somatic  tissue  as  homologous  pairs ;  one 
chromosome  of  each  pair  originally  was  derived  from  the  male  parent, 
the  other  from  the  female. 

The  normal,  double  number  of  chromosomes  is  known  as  the  dip- 
loid number  and  is  indicated  briefly  as  2N,  with  N  equalling  the  number 
of  homologous  pairs.  This  number  is  constant  for  any  one  species  of 
plant  or  animal.    A  few  characteristic  numbers  are  as  follows : 

Crayfish 

Man 

Dog 

Horse 

Fruit  fly  (Drosophila) 

Roundworm    (Ascaris) 


200, 

100  pairs 

48, 

24  pairs 

52, 

26  pairs 

60, 

30  pairs 

8, 

4  pairs 

4, 

2  pairs 
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MEIOSIS 

If  the  offspring  of  any  animal  is  to  have  the  same  chromosome  num- 
ber as  the  parents,  there  must  be  some  method  by  which  the  chromo- 
somal number  of  the  parents  is  halved.  If  this  were  not  so,  the  union 
of  a  sperm  and  &gg  would  result  in  doubling  of  the  chromosome  num- 
ber. It  would  not  take  many  such  doublings  to  result  in  cells  being 
overloaded  with  chromosomes. 

Fortunately  this  contingency  is  avoided  by  a  remarkable  modifica- 
tion of  cell  division  known  as  meiosis  or  gametogenesis.  In  this  type 
of  division,  the  resulting  cells  have  only  half  the  initial  number  of 
chromosomes.  This  is  brought  about  by  two  cell  divisions  and  but  one 
chromosomal  division.  In  the  male  this  is  known  as  spermatogenesis, 
in  the  female  as  oogenesis. 

An  understanding  of  this  process  is  absolutely  essential  to  a  com- 
prehension of  genetics,  for  it  is  the  cytological  basis  of  heredity. 

The  actual  process  of  gametogenesis  begins  in  the  very  early  em- 
bryo when  the  primordial  germ  cell  is  set  aside  from  those  cells  des- 
tined to  become  somatic  or  body  cells.  Before  meiosis  begins,  this 
primordial  germ  cell  divides  many  times  by  mitosis  to  produce  a  large 
number  of  germ  cells.  Each  of  these  resulting  cells  has  a  diploid 
number  of  chromosomes.  Meiosis  does  not  begin  until  sexual  maturity 
is  attained.  It  continues  throughout  the  reproductive  life  of  the  in- 
dividual. 

Spermatogenesis. — Those  cells  which  result  from  the  proliferation 
of  the  primordial  germ  cell  in  the  male  are  known  as  spermatogonia. 
Since  these  are  produced  by  mitotic  divisions,  each  spermatogonium  has 
a  diploid  (2N)  number  of  chromosomes,  with  one  of  each  homologous 
pair  derived  from  the  maternal  parent  and  the  other  from  the  paternal 
parent. 

When  maturity  is  attained  by  the  organism,  certain  of  the  sperma- 
togonia enlarge  to  become  primary  spermatocytes,  each  of  which  is  des- 
ignated as  spermatocyte  I.  It  is  within  this  cell  that  the  true  maturation 
or  meiotic  divisions  begin.  The  actual  divisions  of  the  primary  sperma- 
tocyte resemble  mitosis,  and  the  various  phases  can  be  recognized  with  a 
spindle  being  formed  in  the  typical  manner.  During  the  prophase,  the 
homologous  chromosomes  of  each  pair  are  in  close  contact,  even  twist- 
ing about  one  another,  in  a  condition  known  as  synapsis.  At  this  point 
it  can  be  seen  that  each  maternal  chromosome  and  each  paternal  chromo- 
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some  has  split ;  thus  each  synaptic  pair  consists  of  four  half  chromo- 
somes. These  groups  of  four  are  known  as  tetrads.  Although  there  are 
four  units  for  a  group,  this  must  be  considered  a  diploid  condition.  At 
the  metaphase  of  this  first  division,  the  two  split  members  of  each  ho- 
mologous pair  are  on  opposite  sides  of  the  equatorial  plate.  At  anaphase, 
the  homologous  chromosomes  separate  with  the  split  maternal  chromo- 


SPERMATOGENESIS 


OOGENESIS 


PRIMORDIAL  GERM   CELL  [2nJ. 


..FIRST    MATURATION  (REDUCTION)    DIVISION. 


..SECOND    MATURATION    (EQUATION)  DIVISION, 


SPERMATOZOAN 


Fig.   82. — Diagrams   of   spermatogenesis    and    oogenesis.      Paternal 
chromosomes,  black;  maternal  ones,  stippled. 


some  of  a  pair  moving  to  one  pole  and  the  split  paternal  chromosome 
moving  to  the  other.  This  first  meitotic  or  maturation  division  is  thus  a 
reductional  division  with  the  two  resulting  cells  being  haploid  (N)  in 
their  chromosome  number.  Each  pair  of  homologous  chromosomes  be- 
haves without  reference  to  any  other  pairs ;  thus  the  resulting  cells  will 
have  both  maternal  and  paternal  chromosomes. 
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The  two  cells  resulting  from  this  division  are  known  as  secondary 
spermatocytes  or  spermatocyte  II.  Again  the  typical  spindle  is  formed, 
and  the  cell  rapidly  undergoes  the  second  meiotic  or  maturation  divi- 
sion. In  this  division,  the  split  chromosomes  separate  to  go  to  separate 
cells,  and  the  cells  resulting  from  each  secondary  spermatocyte  will 
have  exactly  the  same  chromosomal  content.  Not  only  is  the  same 
number  retained,  but  the  chromosomes  themselves  are  the  same.  This 
is  a  true  eqtiational  division,  and  the  resulting  cells,  the  spermatids,  have 
a  haploid  (N)  number  of  chromosomes.  Each  primary  spermatocyte 
thus  by  this  series  of  divisions  produces  four  spermatids. 

By  a  series  of  morphological  changes,  the  spermatids  become  the 
motile  spermatozoa.  Each  spermatozoan  (Fig.  76,5)  consists  of  a  head, 
middle  piece,  and  tail.  The  head  is  formed  from  the  nucleus  and  thus 
contains  the  chromatin  material  derived  from  the  chromosomes ;  the  mid- 
dle piece  contains  the  mitochondria  and  the  centrosomes ;  the  tail  is 
simply  an  axial  filament  with  the  plasma  membrane  around  it. 

Oogenesis. — Oogenesis,  or  the  formation  of  the  egg,  involves  the 
same  nuclear  changes  as  does  spermatogenesis;  that  is,  the  primordial 
germ  cell  by  a  series  of  mitotic  divisions  produces  a  large  number  of 
oogonia.  These  develop  into  primary  oocytes,  which  divide  to  produce 
secondary  oocytes,  and  finally  the  ootid,  which  has  the  haploid  (N) 
number  of  chromosomes.  No  morphological  changes  occur  in  the  ootid 
as  did  in  the  spermatid. 

There  is,  however,  one  major  difference  between  spermatogenesis 
and  oogenesis:  the  number  and  size  of  the  resulting  gametes.  Each 
primary  spermatocyte  produces  four  small  spermatids;  each  primary 
oocyte  produces  but  one  relatively  large  ootid  or  egg  and  two  or  three 
small  nonfunctional  bodies. 

When  the  primary  oocyte  divides  to  produce  the  secondary  oocytes, 
the  tetrads  form  near  the  periphery  of  the  cell,  and  the  resulting  division 
distributes  the  chromosomes  in  an  equivalent  manner,  but  not  the  cyto- 
plasm. This  produces  two  cells  of  unequal  size,  one  is  the  larger  second- 
ary oocyte,  the  other  the  first  polar  body.  This  polar  body  is  chiefly 
chromatin  material.  It  may  or  may  not  divide,  but  at  any  rate  it 
rapidly  degenerates  and  disappears.  The  division  of  the  secondary 
oocyte  likewise  results  in  two  cells  of  unequal  size:  the  larger  ootid 
and  another  short-lived  polar  body.  The  ootid  thus  has  a  large  amount 
of  cytoplasm  and  frequently  stored  food  for  the  benefit  of  the  future 
embryo.    The  ootid  is  also  known  as  the  mature  ovum. 


276 


Cell  as  Basis  of  Organic  Activity 


Fertilization. — The  whole  process  of  gametogenesis  is  but  in 
preparation  for  the  important  act  of  fertilization  and  the  production  of 
new  individuals.  By  this  act  of  fertilization,  the  diploid  number  of 
chromosomes  is  again  attained  and  a  remarkable  adaptation  for  the  new 
combination  of  hereditary  characters  is  achieved.  The  fertilized  egg  is 
termed  the  zygote. 


ENTRANCE  or  SPERM 


FIRST  MATURATION 
DIVISION 


FORMATION    OF 
FIRST  POLAR    BObY 


FIRST  POLAR    BODY 
SEPARATED 


-OYAD 


SECOND    MATURATION 
DIVISION 


FORMATION    OF 
SECOND  POLAR   BODY 


MALE  AND   FEMALE  PRONUCLEI 


FIRST  CLEAVAGE 
SPINDLE  FORMED 


Fig.  S3 — Maturation  of  the  egg,  sperm  entrance,  and  fertilization 
in  the  roundworm,  Ascaris. 


The  exact  mechanism  by  which  the  sperm  penetrates  the  egg  is 
complicated  and  has  actually  been  observed  in  only  a  few  animals  where 
the  fertilization  is  external,  that  is,  outside  the  body.  The  sea  urchin, 
a  marine  invertebrate,  has  been  the  chief  source  of  this  information.  It 
has  been  shown  that  the  eggs  of  this  animal  secrete  a  special  substance, 
fertilisin,  which  actually  attracts  the  sperm.  The  sperm  swims  in  a 
spiral  path,  and  by  its  random  movements  comes  within  the  influence  of 
this  material.  If  the  sperm  head  touches  the  egg  surface  at  a  proper 
angle,  it  adheres,  and  the  egg  cytoplasm  actually  engulfs  the  sperm 
head.  The  head  and  middle  piece  enter,  and  the  tail  is  left  outside. 
Following  the  entrance  of  the  sperm,  a  membrane  is  separated  on  the 
surface  of  the  egg,  the  fertilisation  membrane.  This  membrane  pre- 
sumably prevents  the  entrance  of  other  sperms. 
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At  the  time  that  the  sperm  enters  the  egg,  it  has,  of  course,  gone 
through  the  whole  process  of  spermatogenesis  and  has  but  a  haploid 
number  of  chromosomes.  Such  is  not  necessarily  the  case  with  the 
egg.  In  some  cases,  maturation  divisions  are  not  initiated  until  after  the 
sperm  penetrates;  in  others,  they  are  but  partially  completed.  In 
mammals,  it  appears  that  the  second  polar  body  is  forming  when  the 
sperm  enters. 

The  events  following  sperm  penetration  have  been  intensively 
studied  in  the  roundworm,  Ascaris.  In  the  eggs  of  this  animal,  the 
maturation  divisions  do  not  occur  until  after  the  sperm  enters.  The 
sperm  upon  entering  moves  toward  the  center  of  the  cell  and  rounds 
up  to  form  the  mule  pronucleus.  The  egg  nucleus  moves  toward  the 
periphery  of  the  cell,  and,  for  the  first  meiotic  division,  the  spindle  is 
so  arranged  that  half  of  the  homologous  chromosomes  are  discarded  in 
the  first  polar  body.  Following  this  reductional  division,  the  remain- 
ing split  chromosomes  rotate  90  degrees  and  the  second  spindle  is  formed, 
followed  by  the  second  maturation  division.  The  egg  nucleus  with  its 
haploid  number  of  chromosomes  is  now  known  as  the  female  pronucleus. 
It  moves  toward  the  male  pronucleus,  the  homologous  chromosomes 
pair,  and  the  spindle  of  the  first  embryological  division  is  formed.  Here- 
after cell  divisions  are  by  mitosis  with  the  resulting  cells  always  having 
the  diploid  or  2N  number  of  chromosomes.  Meiosis  will  not  appear  again 
in  this  individual  until  it  reaches  sexual  maturity. 


CHAPTER  16 
EMBRYOLOGY 


The  study  of  the  development  of  the  individual  organism  from  the 
zygote  is  the  subject  of  the  science  of  embryology.  These  complex 
changes  by  which  the  single  fertilized  ovum  develops  into  the  many 
different  structures  of  the  adult  have  long  been  a  puzzle  to  the  curious 
observer. 

Aristotle  (384-322  b.c.)  made  the  first  recorded  observations  of 
the  embryological  development  of  the  chick.  The  speculations  which  he 
made  marked  the  beginnings  of  a  controversy  which  has  only  been  re- 
solved in  recent  times.  He  reasoned  that  the  embryo  must  be  either  pre- 
formed or  that  it  developed  from  an  amorphous  beginning.  From  his 
general  observations,  he  concluded  that  the  second  explanation  of  the 
two  alternatives  was  probably  the  correct  one. 

Leeuwenhoek,  in  the  process  of  examining  nearly  everything,  in 
1677  made  the  discovery  of  spermatozoa  in  human  semen.  The  large 
eggs  of  various  animals  had,  of  course,  already  been  observed  for  many 
hundreds  of  years.  Then,  perhaps,  due  to  the  inadequacy  of  the  micro- 
scopes of  the  period,  some  individuals  thought  that  miniature  organisms 
could  be  discerned  within  the  sperm ;  others  thought  that  they  must  exist 
within  the  egg.  This  led  to  the  theory  of  prejormation  by  which  it  was 
assumed  that  embryological  development  consisted  only  of  the  "unfold- 
ing" of  this  miniature  individual.  Some  thought  that  this  miniature 
was  in  the  sperm  and  the  egg  only  served  for  nutrition ;  others  assumed 
that  the  sperm  simply  stimulated  the  unfolding  of  the  miniature  in  the 
egg.  This  led  to  some  very  remarkable  conclusions,  one  of  which 
was  that  Eve  must  have  had  all  preformed  individuals  of  all  succeeding 
generations  within  her  ovaries !  This  taxed  the  imagination  of  some  of 
the  eighteenth  century  scientists. 

When  Wolfif  in  1769  studied  the  development  of  the  chick  with 
great  care,  he  overthrew  this  idea  of  preformation.  He  saw  that  struc- 
tures arose  in  the  embryo  by  complete  reorganization  of  previous  struc- 
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tures.  It  was  obviously  more  than  a  simple  vmfolding  and  growth  in 
size.  This  progressive  development  of  more  complex  structures  from 
simple  beginnings  is  known  as  the  theory  of  epigenesis. 

With  the  discovery  of  the  genes  and  their  importance  as  carriers  of 
hereditary  units,  our  present  theory  of  the  mode  of  development  of  the 
individual  is  in  a  sense  a  compromise  between  the  preformists  and  the 
believers  in  epigenesis.  It  is  now  realized  that  the  genes  or  hereditary 
units  are  passed  from  generation  to  generation,  and  are  thus  really  pre- 
formed units  which  to  a  great  extent  determine  the  course  of  develop- 
ment. They  are,  however,  the  controllers  of  the  rate  and  pattern  of  de- 
velopment while  the  development  itself  occurs  through  a  series  of  com- 
plex changes  and  reorganizations.  This  latter,  of  course,  is  reminiscent 
of  epigenesis. 

Even  after  preformation  was  shown  to  be  impossible,  scientists  still 
realized  that  something  was  passed  on  from  generation  to  generation,  and 
whatever  it  was,  it  must  be  contained  within  either  the  egg  or  sperm  or 
perhaps  in  both.  Different  investigators  tended  to  emphasize  dift'erent 
methods  in  which  these  "like  qualities"  were  passed  on,  but  Weismann 
(1883)  was  the  first  to  formulate  the  theory  which  is  now  believed  to  be 
essentially  true.  He  argued  that  the  sex  cells  were  passed  on  from  gen- 
eration to  generation  in  an  unbroken  line;  that  somatic  or  body  cells 
were  only  the  guardians  of  these  precious  cells.  The  somatic  cells  were 
produced  anew  in  each  individual,  but  were  essentially  transitory.  This 
is  the  theory  of  the  continuity  of  the  germplasm.  With  the  discovery 
of  the  gene  and  its  hereditary  control,  it  became  clear  that  it  was  the 
genes  which  were  passed  on  from  generation  to  generation.  In  this  way, 
Weismann  thus  was  shown  to  be  essentially  correct  in  his  regard  of  the 
importance  of  the  germplasm. 

In  the  embryology  of  the  individual,  certain  definite  stages  can  be 
recognized.  Clearly,  this  is  a  continuous  process,  and  any  divisions  are 
simply  arbitrary  ones  with  rather  vague  beginnings  and  endings.  Those 
first  stages  which  precede  organ  formation  are  known  as  early  embry- 
ology. These  begin  with  the  first  divisions  of  the  zygote  and  end  ap- 
proximately when  the  organs  begin  to  form.  At  the  end  of  this  first 
period,  the  embryo  has  attained  its  three  basic  layers  of  embryonic  tissue 
known  as  germ  layers.  The  second  period  is  concerned  with  the  de- 
velopment of  organs  and  organ  systems  from  these  basic  germ  layers. 
This  is  the  period  of  organogeny. 
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EARLY  EMBRYOLOGY 

Before  beginning  its  divisions,  the  zygote  is  essentially  a  sphere 
which  nearly  always  has  a  gradient  of  metabolic  activity.  The  region  of 
highest  activity  is  known  as  the  animal  pole;  that  of  least,  as  the  vegetal 
pole.  In  eggs  with  a  large  amount  of  stored  food  (yolk),  the  food  is 
most  concentrated  at  the  vegetal  pole. 

For  the  detailed  study  of  the  early  stages  of  embryology,  the  egg  of 
the  chordate,  Amphioxus,  provides  an  excellent  subject.  The  divisions 
involve  the  entire  egg  and  occur  at  an  even  rate.  The  periods  which  are 
commonly  recognizable  in  early  embryology  are  cleavage,  formation  of 
the  blastula,  gastrulation,  and  mesoderm  formation. 

Cleavage. — The  first  divisions  of  the  tgg  are  termed  cleavage. 
These  divisions  divide  the  tgg  of  Amphioxus  into  a  mass  of  similar  cells 
known  as  blastomeres.  During  this  period,  the  general  size  of  the  cell 
mass  becomes  little  greater  than  that  of  the  original  zygote ;  thus  the  size 
of  the  individual  blastomeres  becomes  smaller  and  smaller  as  cleavage 
proceeds. 

The  first  cleavage  plane  extends  from  the  animal  to  the  vegetal  pole, 
and  splits  the  egg  into  two  equal  blastomeres.  The  second  plane 
is  also  from  pole  to  pole,  but  is  at  right  angles  to  the  first  one  and  results 
in  the  4-celled  stage.  The  third  cleavage  plane  is  a  horizontal  one  which 
results  in  8  cells.  Sixteen  cells  are  produced  by  a  fourth  cleavage  plane 
which  occurs  again  from  pole  to  pole.  Following  the  16-cell  stage,  there 
is  an  alternation  of  horizontal  and  meridional  cleavages  resulting  in  32,- 
64-,  and  128-cell  stages.  After  this  the  divisions  are  a  bit  more  irregular. 
The  mass  of  blastomeres  at  the  time  of  the  16-cell  stage  and  until  ap- 
proximately the  128-cell  stage  is  known  as  the  morula,  due  to  the  resem- 
blance of  the  mass  of  spherical  cells  to  a  mulberry. 

Blastula  Formation. — Due  to  the  rapid  divisions,  the  cells  tend  to 
move  out  of  the  solid  mass  typical  of  the  morula  to  form  a  hollow  ball,  the 
blastula.  This  usually  occurs  at  about  the  128-cell  stage  of  Amphioxus. 
The  blastula  consists  of  a  single  layer  of  cells,  the  blastoderm,  surround- 
ing a  cavity  the  blastocoel.  The  blastocoel  is  filled  with  a  watery  jelly. 
The  cells  are  somewhat  larger  at  the  vegetal  than  at  the  animal  pole  of 
the  embryo,  and  those  at  the  animal  pole  tend  to  divide  more  rapidly 
following  blastula  formation. 


AMPHIOXUS 
A 


AMPHIBIAN 
B 


BIRD 


MAMMAL 


Fig  84.— Sample  stages  of  cleavage  and  gastrulation  in  eggs  of  chordates. 
A.  Amphioxus,  cleavage  holoblastic,  little  yolk;  egg  diameter  0.1  mm  (After 
Hatschek.)  B,  Frog,  modified  holoblasUc  cleavage,  much  yolk;  diameter  2  mm. 
fvSous  sources.)  C,  Bird,  meroblastic  discoidal  cleavage  in  small  Was  to  disc  on 
large  yolk  mass;  diameter  30  mm.  (After  Blount;  and  Patten,  Embryo  ogy  of  the 
Chfck  The  Blakiston  Co.)  D,  Mammal,  cleavage  holoblastic,  practically  no  yolk 
an  outer  and  inner  cell  mass  formed  in  blastula,  6;  gastrula  formed  by  migration  of 
entoderm  cells  from  inner  cell  mass,  7;  egg  surrounded  during  early  cleavage  by 
zona  pellucida  (from  Graafian  follicle  of  ovary)  which  later  disappears;  diameter 
0  2  mm  (After  Gregory;  and  Patten,  Embryology  of  the  Pig  The  Blakiston  Co.) 
(From  Storer:     General  Zoology,  ed.  2,  1951,  McGraw-Hill  Book  Co.,  Inc.) 
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Gastrulation. — Due  to  the  more  rapid  growth  of  the  animal  cells, 
the  vegetal  cells  gradually  start  inbuckling  or  invaginating.  The  ani- 
mal cells  at  the  same  time  more  or  less  inroll  around  the  margin  of  the 
double-walled  cup  thus  formed.  These  movements  gradually  result  in 
the  obliteration  of  the  blastocoel  and  the  formation  of  a  new  cavity, 
the  primitive  gut  or  archenteron.  The  mouth  of  this  cavity  is  the  blasto- 
pore.   This  stage  is  known  as  the  gastrula. 

Two  layers  of  cells  now  are  clearly  visible.  The  outer  layer  is 
the  ectoderm;  the  inner  one  lining  the  archenteron  is  entoderm  and, 
in  part,  future  mesoderm.  These  constitute  the  three  germ  layers  of 
the  embryo. 

Dorsal  to  the  blastopore,  the  lip  formed  by  this  overgrowth  of  cells 
is  known  as  the  dorsal  lip.  It  assumes  a  role  of  more  importance  as 
development  proceeds. 

Mesoderm  Formation. — After  the  embryo  becomes  a  gastrula,  it 
elongates  and  flattens.  The  anterior  and  posterior  ends  are  clearly  dis- 
tinguishable. From  the  layer  of  cells  surrounding  the  archenteron, 
mesoderm  buds  off  in  the  dorsolateral  region  on  both  sides.  This  leaves 
the  archenteron  surrounded  by  only  entodermal  cells.  These  pockets 
of  mesoderm  grow  downward  and  outward,  pushing  between  the  ento- 
dermal and  ectodermal  cells.  The  portion  of  the  mesoderm  next  to  the 
ectoderm  is  known  as  somatic  or  parietal  mesoderm.;  that  in  contact 
with  the  entoderm  as  the  splanchnic  mesoderm.  The  cavity  between 
these  two  layers  is  the  body  cavity  or  coelom. 

At  this  same  time,  a  mass  of  cells  proliferates  and  separates  from 
the  dorsal  wall  of  the  archenteron.  These  become  an  elevated  rodlike 
structure,  the  notochord  or  primitive  axial  skeleton. 

The  Effect  of  Yolk. — In  all  eggs,  the  protoplasm  alone  is  involved 
in  the  cleavages.  The  yolk  is  only  incidentally  involved.  If  it  is  pres- 
ent in  large  amounts,  it  forms  an  impediment  which  interferes  with  the 
divisions  (Fig.  84).  The  egg  of  Amphioxus,  as  just  described,  has  but 
a  very  small  amount  of  yolk  which  is  evenly  distributed ;  thus  it  inter- 
feres but  very  slightly  with  the  cleavage  of  the  entire  zygote.  Other 
animals,  however,  have  differing  amounts  of  yolk,  and  hence  modifica- 
tion in  the  early  cleavage  stages  occurs.  The  frog,  for  example,  has  a 
moderate  amount  of  yolk,  and  the  cells  formed  at  the  animal  pole  are 
smaller  and  more  numerous  than  those  at  the  vegetal  pole.  A  large 
amount    of    yolk    is    present    in    the    eggs    of    birds,    and    in    these, 
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cleavage  is  confined  to  a  small  germinal  disc  at  the  animal  pole.  So 
dense  is  the  yolk  in  these  eggs  that  the  cleavage  planes  do  not  occur  at 
the  vegetal  pole. 
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Fig.  85. — Diagrams  showing  the  origin  of  mesoderm  and  notochord  and  the 
formation  of  the  neural  tube.  A,  Cross  section  of  embryo  showing  the  beginning 
of  the  outpocketing  of  the  mesoderm  and  the  dorsal  thickening  of  the  neural 
plate;  B,  cross  section  of  later  stage  in  which  notochord  is  separated  and  the 
mesoderm  is  differentiated  into  epimere,  mesomere,  and  hypomere;  the  neural  tube 
is  formed;  C,  cross  section  of  later  stage  in  which  the  epimere  has  separated 
from  the  mesomere,  the  mesenteries  are  forming;  D,  sagittal  section  to  show 
relationships  of  structures;  is  in  approximately  the  same  stage  of  development  as 
B.  Ectoderm  indicated  by  cross  lines,  entoderm  by  coarse  stipple,  mesoderm  by 
fine  stipple,  and  notochord  by  solid  black. 

On  the  basis  of  these  differences  in  amount  of  yolk,   eggs  and 
their  cleavage  patterns  are  classed  as  follows : 

1.  Eggs  with  a  small  amount  of  yolk  which  is  evenly  distributed:  isoleci- 
thal  eggs.  Cleavage  involves  the  entire  egg  and  results  in  blastomeres  of  ap- 
proximately equal  size:     holoblastic  and  equal  cleavage.     Example:     Amphioxus. 

2.  Eggs  with  a  moderate  amount  of  yolk  which  is  concentrated  at  the  vegetal 
pole:  moderately  telolecithal  eggs.  Cleavage  involves  the  entire  egg,  but  the 
blastomeres  formed  at  the  vegetal  pole  are  larger  and  fewer  than  those  at  the 
animal  pole:    holoblastic  and  unequal  cleavage.     Example:  frog. 
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3.  Eggs  with  a  large  amount  of  yolk  which  is  concentrated  at  the  vegetal 
pole :  highly  telolecithal  eggs.  Cleavage  is  confined  to  the  protoplasmic  area 
(germinal  disc)  alone:     mcrohlasHc  cleavage.     Example:     bird. 

Although  the  niainiiiaHan  egg  is  of  the  isolecithal  type,  its  early 
embryology  is  highly  modified.  Until  the  formation  of  the  blastula, 
cleavage  is  holoblastic  and  equal ;  after  this,  the  divisions  are  confined 
to  a  germinal  disc.  This  modification  which  represents  a  heritage  from 
remote  reptilian  ancestors,  plays  an  important  role  in  the  development 
of  embryonic  membranes. 

Primitive  Streak. — The  eggs  of  some  reptiles  and  birds,  with 
their  cleavage  confined  to  an  embryonic  disc,  show  marked  modifica- 
tions of  gastrulation.  This  modification  is  due  to  the  tremendous 
amount  of  yolk  and  the  necessity  of  making  it  available  immediately 
to  the  rapidly  growing  embryo.  Blood  vessels  must  get  over  its  surface 
at  once.  In  the  bird,  the  formation  of  the  three  germ  layers  is  very 
rapid  and  does  not  involve  the  invagination  and  inrolling  as  seen  in 
Amphioxus.  From  a  practical  viewpoint,  this  is  a  very  reasonable 
development  inasmuch  as  the  yolk  makes  such  invagination  quite  dif- 
cult  if  not  impossible.  Along  the  central  axis  of  the  embryo,  the  cells 
of  the  germinal  disc  thicken  and  migrate  and  proliferate  into  the  in- 
terior. This  thickening  is  clearly  visible  to  the  naked  eye  and  is  known 
as  the  primitive  streak  (Fig.  86).  Roughly  it  corresponds  to  the  dorsal 
roof  of  the  archenteron  which  gives  rise  to  the  mesoderm  and  notochord 
in  Amphioxus. 

In  the  bird,  the  entoderm  delaminates  (cuts  off)  from  the  rest  of 
the  germinal  disc  before  the  primitive  streak  forms  and  is  in  contact 
with  the  yolk.  Then  a  pushing  in  of  cells  occurs  between  the  entoderm 
and  residual  outer  layer,  the  ectoderm.  These  cells  which  push  in  give 
rise  to  the  mesoderm.    This  whole  thickening  is  the  primitive  streak. 

Early  Human  Embryology. — The  need  for  implanting  the  em- 
bryo at  once  and  a  long  evolutionary  history  are  the  two  most  important 
factors  which  influence  the  course  of  the  early  cleavage  stages  of  the 
human  ovum.  The  human  ovum  is  an  isolecithal  egg,  but  is  peculiar 
in  its  being  surrounded  by  the  heavy  zona  pellucida.  This  acts  as  a 
restricting  membrane  which  persists  for  a  short  time.  The  very  early 
cleavage  stages  are  holoblastic  and  equal  until  the  formation  of  the 
morula.  At  that  time,  the  zona  pellucida  starts  disintegrating,  and  the 
embryo  begins  to  increase  in  size. 
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The  blastula  is  not  typical  of  that  of  an  animal  such  as  Aniphioxus. 
Instead,  there  is  a  large  blastocoel  surrounded  by  a  layer  of  cells,  the 
trophoblast,  and  a  large  inner  cell  mass  present  at  one  pole.  This 
peculiar  mammalian  blastula  is  called  a  blastocyst. 
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Fig.    86. — A   dorsal    view    of   a    twenty-four    hour    chick   embryo.      (From    Patten: 
Embryology  of  the  Chick,  The  Blakiston  Company.) 

The  next  stages  in  this  development  are  related  to  the  rapid  for- 
mation of  embryonic  membranes  for  the  implantation  of  the  embryo 
into  the  uterus.  This  is  brought  about  by  splits  in  the  inner  cell  mass. 
First  a  group  of  cells  separate  off  to  form  the  entoderm  surrounding 
the  developing  yolk  sac.  Above  this,  another  separation  occurs  which 
gives  rise  to  the  amniotic  cavity  in  which  the  embryo  later  develops. 
Between  these  two  cavities  there  is  a  plate  of  cells,  and  it  is  on  this 
disc  that  the  embryo  now  develops.  An  attachment  to  the  trophoblast 
is  retained  by  the  inner  cell  mass.  This  is  the  body  stalk  which  ulti- 
mately becomes  the  umbilical  cord. 
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In  the  formation  of  mesoderm,  a  primitive  streak  reminiscent  of 
that  of  the  chick  embryo  develops.  The  formation  of  the  germ  layers 
in  human  beings  is  a  very  rapid  process  and  all  the  details  are  not  known. 
This  is,  of  course,  related  to  the  problem  of  acquiring  material  of  a 
known  age. 
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Fig.  87. — Diagrams  indicating  schematically  the  manner  in  which  early  human 
embryos  attain  their  basic  structural  plan.  A,  generalized  diagram  of  early  mam- 
malian embryo  just  prior  to  implantation.  B,  Hertig-Rock  embryo,  8  days; 
differentiation  within  the  inner  cell  mass  is  just  beginning  to  be  apparent,  and 
that  part  of  the  ectoderm  in  contact  with  the  uterine  mucosa  has  started  to  grow 
and  specialize  into  flame-shaped  trophoblastic  extensions.  C,  Miller  embryo, 
12  days,  yolk  sac  and  amnion  are  becoming  clearly  recognizable.  D,  Peters' 
embryo,  13  to  14  days;  the  extra-embryonic  coelom  is  lined  by  mesodermal  cells. 
The  names  of  the  embryos  refer  to  the  original  describers.  (From  Patten: 
Human  Embryology,  The  Blakiston  Company.) 
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It  is  usually  assumed  that  fertilization  of  the  human  ovum  takes 
place  on  about  the  fourteenth  day  of  the  menstrual  cycle.  Fertilization 
apparently  must  take  place  in  the  upper  part  of  the  Fallopian  tube  as 
the  ovum  appears  to  disintegrate  quite  rapidly.  From  observations  on 
other  mammals,  it  is  assumed  that  the  ovum  takes  some  three  to  four 
days  to  traverse  the  tube  and  to  arrive  at  the  uterus.  During  this  time, 
it  is  undergoing  cleavage.  Probably  when  the  embryo  arrives  in  the 
uterus  it  is  in  the  blastocyst  stage  and  the  zona  pellucida  has  disap- 
peared. The  trophoblast  cells  are  sticky  and  adhere  to  the  uterine  endo- 
metrium. About  the  ninth  day  after  fertilization,  the  embryo  has  buried 
itself  in  the  uterine  mucosa.  This  invasion  of  the  uterine  mucosa  is 
an  active  process  in  which  the  embryo  may  actually  digest  the  mucosal 
cells. 

The  embryo  is  known  as  a  fcfus  after  it  acquires  recognizable  human 
features.  This  occurs  at  about  the  beginning  of  the  third  month  of  de- 
velopment. 

ORGANOGENY 

At  the  end  of  the  period  of  early  embryology,  the  three  germ  layers 
are  more  or  less  clearly  defined.  It  is  from  these  germ  layers  that  all 
the  future  organs  of  the  embryo  are  destined  to  arise. 

The  position  of  these  embryonic  germ  layers  in  the  gastrula  is  in- 
dicative of  the  organs  which  will  arise  from  them.  The  ectoderm,  being 
on  the  outside,  is  protective  and  sensory;  thus  it  gives  origin  to  the 
nervous  system,  sense  organs,  and  the  epidermis  and  its  derivatives. 
On  the  other  hand,  the  entoderm  which  lines  the  primitive  gut  de- 
velops into  the  lining  layers  of  the  digestive  tract  and  the  glands  asso- 
ciated with  it,  and  later  into  the  lining  of  the  respiratory  tract.  The 
intermediate  layer,  the  mesoderm,  is  destined  to  give  rise  to  the  con- 
nective and  supportive  tissues,  the  circulatory  system,  the  excretory 
system,  the  reproductive  tract,  muscles,  and  the  dermis  of  the  skin. 
Usually  the  primordial  germ  cells  are  set  aside  before  the  germ  layers 
of  the  embryo  are  clearly  defined;  for  this  reason,  the  germinal  epi- 
thelium of  the  testes  and  ovaries  cannot  be  said  to  arise  from  any  one 
germ  layer.      (Fig.  85.) 

Ectoderm. — The  ectoderm  is  the  first  of  the  germ  layers  to  begin 
differentiation.  At  the  time  that  the  mesoderm  is  forming,  the  ecto- 
derm flattens  out  and  thickens  as  the  neural  plate.  This  plate  is 
somewhat  thicker  on  the  edges  and  gradually  these  edges  fold  together 


288  Cell  as  Basis  of  Organic  Activity 

to  form  the  hollow  neural  tube.  This  separates  from  the  main  portion 
of  the  ectoderm,  and  the  anterior  portion  enlarges  to  become  the  brain. 
On  either  side,  thickenings  produce  the  roots  of  the  spinal  and  cranial 
nerves  while  other  thickenings  in  the  head  region  develop  into  the 
sensory  portions  of  the  eye  and  ear.  In  addition  to  giving  rise  to  the 
nervous  system  and  sense  organs,  the  ectoderm  by  virtue  of  its  position 
develops  into  the  outer  portion  of  the  skin  and  its  derivatives.  This 
includes  the  epidermis  and  epidermal  structures  such  as  the  hair,  teeth, 
glands,  scales,  etc.  Two  important  endocrine  glands  are  also  derived 
from  the  ectoderm :  the  pituitary  and  the  medulla  of  the  adrenal  gland. 

Entoderm. — Since  entoderm  lines  the  embryonic  gut,  it  develops 
into  the  epithelial  lining  of  the  digestive  tract  with  the  exception  of 
small  portions  of  the  mouth  and  anus.  It  also  lines  the  various  out- 
pocketings  that  develop  from  the  tract.  These  include  the  thyroid, 
thymus,  liver,  pancreas,  the  bladder,  part  of  the  middle  ear,  and  the 
respiratory  tract. 

Mesoderm. — The  mesoderm  forms  the  greatest  portion  of  the 
organs  of  the  body.  In  vertebrates  at  the  time  that  the  lateral  out- 
pocketings  of  the  mesoderm  arise,  a  strengthening  rod,  the  nolochord, 
is  also  pinched  off.  This  notochord  is  the  beginning  of  the  axial  skele- 
ton ;  in  higher  vertebrates,  the  notochord  finally  forms  the  pads  between 
the  individual  vertebrae.  The  lateral  outpocketings  of  mesoderm  grow 
ventrally  from  their  dorsal  origin  to  meet  below  the  archenteron.  By 
differential  growth,  the  mesoderm  next  separates  into  three  regions :  a 
dorsal  epimere,  a  middle  mesomere,  and  a  ventral  hypomere. 

The  dorsal  epimere  becomes  arranged  in  segmental  blocks  or 
somites  on  either  side  of  the  neural  tube.  These  are  solid  blocks  of 
tissue  with  the  central  cavity  closed.  Soon  they  become  completely 
separated  from  the  remaining  portion  of  the  mesoderm  and  give  rise 
to  part  of  the  dermis  and  the  voluntary  muscles. 

The  mesomere  does  not  form  somites  and  retains  its  close  associa- 
tion with  the  hypomere.  The  mesomere  develops  into  the  excretory 
system,  the  tubes  of  which  open  into  the  hypomere.  The  cavity  of 
the  mesomere  remains  as  the  cavities  of  the  tubules  of  the  kidneys. 

The  hypomere  also  does  not  form  somites.  It  retains  its  cavity  as 
the  coelom,  and  the  somatic  and  splanchnic  layers  form  the  lining  peri- 
toneum. Dorsally  and  ventrally  where  the  two  sides  meet,  the  ventral 
and  dorsal  mesenteries  are  formed.  The  splanchnic  mesoderm  gives 
rise  to  the  heart. 
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Mesenchyme  is  a  particular  type  of  embryonic  cell  which  is  pro- 
duced principally  by  the  mesoderm,  but  may  be  formed  by  any  of  the 
germ  layers.  Mesenchymal  cells  are  branched  and  more  or  less  united. 
When  they  break  away  from  the  germ  layers,  they  become  irregular 
in  shape  and  by  ameboid  movements  are  able  to  move  to  definite  regions 
and  reorganize.  Thus  an  organ  derived  from  mesenchyme  may  actually 
come  from  more  than  one  layer.  The  mesenchyme  gives  rise  to  all 
the  connective  tissues  including  the  skeletal  system,  all  the  involuntary 
muscles,  blood,  and  lymph  vessels,  and  the  voluntary  muscles  of  the 
appendages.  The  involuntary  muscles  of  the  digestive  tract  are  derived 
from  mesenchyme  cells  produced  from  the  splanchnic  mesoderm.  Blood 
cells  and  parts  of  the  dermis  likewise  have  their  origin  from  mesenchyme. 


The  Embryonic  Germ  Layers  and  Their  Derivatives 
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The  germinal  epithelium  cannot  be  listed  as  being  derived  from  any  one 
germ  layer  inasmuch  as  the  primordial  germ  cells  are  set  aside  before  the  germ 
layers  are  defined. 
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EMBRYONIC  MEMBRANES 

Among  the  vertebrates  there  are  four  separate  embryonic  mem- 
branes :  the  yolk  sac,  the  amnion,  the  chorion,  and  the  allantois.  The 
yolk  sac  is  found  in  all  vertebrates,  but  is  of  particular  importance  in 
those  possessing  large  amounts  of  yolk.  The  last  three  membranes  are 
found  only  in  the  reptiles,  birds,  and  mammals.  They  represent  part 
of  the  adaptation  of  these  animals  toward  a  land  life.  These  membranes 
give  the  developing  young  protection  against  desiccation  and  injury. 
The  reptiles,  birds,  and  mammals,  due  to  their  common  possession  of 
these  membranes,  are  known  as  the  amniotes.  The  reptiles  and  birds 
in  addition  to  these  membranes  have  shells  for  further  protection  against 
the  rigors  of  a  terrestrial  existence,  while  the  higher  mammals  retain 
the  developing  fetus  in  the  uterus  for  even  more  effective  protection. 

Yolk  Sac. — A  prominent  yolk  sac  is  present  in  the  embryos  of  all 
vertebrates  having  meroblastic  cleavage.  In  them  it  represents  a  saclike 
expansion  of  the  ventral  wall  of  the  intestine  overlaid  with  a  layer  of 
splanchnic  mesoderm.  These  two  layers  together  make  up  the  splan- 
chnopleurc.  The  mesodermal  portion  is  supplied  with  blood  vessels  which 
deliver  the  absorbed  yolk  material  to  the  embryo.  The  yolk  sac  be- 
comes smaller  as  the  yolk  is  utilized;  in  the  chick,  shortly  before  hatch- 
ing, it  slips  into  the  belly  cavity. 

In  the  higher  mammals,  the  yolk  sac  is  also  present  but  only  as  a 
small  nonfunctioning  relic. 

The  Amnion  and  Chorion. — These  membranes,  which  are  actually 
concentric  sacs,  arise  as  upward  foldings  of  the  body  wall  of  the  embryo. 
These  folds  consist  of  ectoderm  and  somatic  mesoderm,  together  known 
as  somatopleurc.  In  reptiles  and  birds,  these  sacs  arise  first  as  two  folds, 
with  one  upward  folding  appearing  just  in  front  of  the  embryo,  the  other 
just  behind.  Gradually  they  grow  upward  and  meet  and  fuse  above  the 
embryo.  This  produces  the  double  sac:  the  inner  amnion  surround- 
ing the  embryo  and  the  outer  chorion  next  to  the  eggshell.  These 
relationships  are  nearly  identical  with  those  of  the  mammalian  embryo. 
The  amniotic  sac  is  filled  with  amniotic  fluid,  and  the  embryo  floats  in 
its  private  "pond."  Clearly  all  terrestrial  vertebrates  are  "aquatic" 
at  least  in  their  embryonic  stages.  In  this  liquid  medium,  the  develop- 
ing embryo  is  free  to  maintain  its  shape  and  is  effectively  shielded  from 
mechanical  injuries, 
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While  the  amnion  is  lined  with  ectoderm  and  has  its  outer  layer 
formed  of  mesoderm,  the  chorion  reverses  this,  having  its  ectoderm  on 
the  outside  and  its  mesoderm  on  the  inside.  The  function  of  the  chorion 
is  best  explained  along  with  that  of  the  fourth  embryonic  membrane, 
the  allantois. 


UMBILICAL  CORD 
AMNIOTIC  CAVITY 
CHORION 
VILLUS 
EMBRYO 


Fig.  88. — Diagrams  of  sagittal  sections  to  show  embryonic  membranes.  A 
to  D,  Chick.  A,  Amniotic  folds  forming;  B,  fold  united;  C,  later  stage  with  mem- 
branes formed;  D,  amniotic  folds  forming  in  mammal;  E,  extra-embryonic  struc- 
tures of  human  embryo.  (Redrawn  with  permission  from  Shumway:  Introduction 
to  Vertebrate  Embryology,  1942,  John  Wiley  &  Sons,  Inc.) 


The  mammalian  embryo  has  both  of  these  membranes  well  de- 
veloped. Their  development,  however,  is  somewhat  modified  from  that 
of  the  reptiles  and  birds.  In  some  the  foldings  are  eliminated  by  the 
appearance  of  splits  which  separate  the  future  amniotic  cavity  from  the 
germinal  disc. 

The  Allantois. — The  allantois  is  a  saclike  structure  of  splanchno- 
pleure  which  grows  out  from  the  hind  gut  of  the  embryo.  In  birds  and 
reptiles  it  pushes  out  and  comes  to  line  the  entire  shell  in  the  same  way 
that  the  chorion  does.  The  outer  wall  of  the  allantoic  sac  fuses  with  the 
overlying  chorion  to  result  in  a  common  membrane  lining  the  shell. 
Blood  vessels  going  through  the  mesodermal  layers  of  these  two  mem- 
branes serve  for  gaseous  exchange;  thus  the  allantois  is  the  "lung"  of 
the  embryo. 
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Among  many  mammals,  the  allantois  is  important  in  forming  the 
fetal  portion  of  the  uterine  attachment,  the  placenta.  In  man,  however, 
the  allantois  is  rudimentary. 

The  Placenta. — All  higher  mammals  form  a  complex  attachment 
between  the  developing  embryo  and  the  maternal  uterus.  This  struc- 
ture, the  placenta,  is  formed  of  the  allantois  and  chorion  and  portions 
of  the  uterine  wall.  In  man,  the  allantois  plays  no  important  role,  but 
in  many  of  the  carnivores  it  is  very  large.  The  shape  and  position  of 
the  placenta  vary  widely  in  different  mammals.  In  man,  however,  it 
is  a  disc-shaped  structure.  The  surface  of  the  chorion  is  covered  with 
numerous  fingerlike  villi  which  intermingle  with  the  folds  of  the  uterine 
wall.  Blood  vessels  from  the  embryo  are  in  these  villi  and  are  in  close 
contact  with  the  blood  vessels  of  the  uterus.  By  diffusion,  food  and 
oxygen  pass  into  the  embryo  and  waste  materials  are  removed.  There 
is  no  actual  contact  between  the  blood  of  the  mother  and  that  of  the 
embryo.  As  the  embryo  grows,  it  remains  attached  to  the  placenta  by 
the  long  umbilical  cord.  The  umbilical  cord  has  an  outer  wrapping  from 
the  enveloping  amnion  and  within  it  are  found  the  allantois,  the  yolk 
sac,  and  the  umbilical  blood  vessels.  In  human  beings,  the  umbilical 
cord  is  about  two  feet  long  at  birth. 

Parturition. — Parturition  or  birth  of  young  marks  the  end  of 
interuterine  development  among  the  higher  mammals.  The  length  of 
time  intervening  between  fertilization  and  parturition  varies  among  the 
different  mammals.  This  gestation  period  for  some  representative  mam- 
mals is  as  follows : 


Opossum 

13  days 

Dog 

9   weeks 

Rat 

22  days 

Man 

38  weeks 

Pig 

17  weeks 

Cow 

40  weeks 

Horse 

48  weeks 

Elephant 

20  months 

At  the  time  of  parturition,  the  uterus  undergoes  a  series  of  strong 
contractions  which  bring  about  dilation  of  the  cervix  and  rupture  of 
the  amniotic  sac.  This  latter  also  serves  as  a  hydrostatic  wedge  in 
aiding  the  dilation  of  the  cervix.  These  contractions  of  the  uterus 
finally  result  in  the  expulsion  of  the  fetus.  Following  this,  the  uterus 
is  greatly  reduced  in  size,  and  a  second  series  of  contractions  which 
expel  the  embryonic  membranes  soon  follow.  These  membranes,  chiefly 
consisting  of  the  placenta,  are  known  as  the  "afterbirth." 
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EXPERIMENTAL  EMBRYOLOGY 

The  first  studies  in  embryology  were  mainly  concerned  with  the 
description  of  developmental  stages  in  various  animals.  At  present 
the  most  active  phase  of  this  work  is  concerned  with  learning  more  of 
the  details  of  the  events  of  early  human  development.  A  second  phase 
of  interest  was  that  dealing  with  the  comparison  of  the  rates  and  modes 
of  development  among  various  animals.  Experimental  embryology 
is  the  third  and  most  recent  phase;  at  present,  it  is  the  aspect  being 
most  actively  studied.  By  means  of  carefully  planned  experiments,  much 
is  being  learned  of  the  dynamics  and  the  controlling  mechanisms  which 
lie  behind  the  embryological  changes. 

Organization  of  the  Egg. — During  the  discussion  of  early  em- 
bryology it  was  pointed  out  that  there  was  organization  in  the  tgg.  The 
vegetal  and  animal  poles  were  well  differentiated,  and  the  cleavage  planes 
occurred  in  relation  to  this  primary  axis.  Further,  the  rate  of  cleavage 
was  higher  at  the  animal  than  at  the  vegetal  pole  and  resulted  in  a 
larger  number  of  smaller  cells.  Apparently  the  right  and  left  sides  of 
the  future  embryo  are  not  so  definitely  established,  and  there  is  a  possi- 
bility that  the  site  of  entrance  of  the  sperm  may  influence  this  symmetry. 

The  question  of  whether  the  regions,  which  will  later  develop  into 
organs,  are  already  set  aside  in  the  egg  is  one  of  considerable  impor- 
tance. By  means  of  dyes  which  do  not  injure  the  tgg,  it  has  been  shown 
that  certain  regions  of  the  cell  are  destined  to  become  specific  organs 
of  the  embryo. 

One  protochordate,  Styela,  demonstrates  this  localization  of  organ 
sites  in  a  very  vivid  manner.  Before  fertilization  the  eggs  of  this  animal 
have  yellow  pigment  granules  scattered  throughout  the  outer  layer 
of  the  cytoplasm.  During  fertilization  these  pigment  granules  concen- 
trate, forming  a  yellow  crescent  at  the  area  which  will  later  be  the 
posterior  surface.  Opposite  to  this,  at  the  area  which  will  be  the  an- 
terior surface,  a  gray  crescent  appears.  In  later  cleavage,  it  is  shown 
that  the  yellow  crescent  is  distributed  to  the  mesoderm  of  the  tail,  the 
gray  crescent  to  the  cells  forming  the  notochord  and  neural  plate,  the 
yolk  to  the  entodermal  cells,  and  the  remainder  of  the  egg  to  the  cells 
of  the  epidermis. 

If  single  blastomeres  resulting  from  early  cleavage  of  Styela  are 
isolated,  each  will  develop  only  into  that  organ  which  would  normally 
form  from  that  portion  of  the  cytoplasm  of  the  egg.  This  determinate 
cleavage  is  characteristic  of  certain  invertebrates.     The  vertebrates,  on 
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the  other  hand,  have  indeterminate  cleavage.    If  blastomeres  are  isolated 
early  enough,  each  will  develop  into  a  new  individual. 

Transplants  of  Embryonic  Tissues. — The  blastomeres  of  most 
vertebrates  potentially  are  capable  of  developing  into  nearly  any  type 
of  tissue.  They  can  be  moved  from  one  position  to  another  in  an  embryo 
without  disturbing  the  normal  development.  After  gastrulation,  how- 
ever, this  generali23ed  ability  of  the  embryonic  tissue  is  lost,  and  the 
individual  cells  are  capable  of  developing  only  into  certain  specific 
structures.  Much  of  this  information  has  been  gathered  from  work  with 
the  amphibians,  but  apparently  the  knowledge  so  gained  can  be  applied 
to  other  forms.  Thus  it  can  be  shown  that  if  an  eye  bud  is  transplanted 
to  the  leg  region,  it  will  still  develop  into  an  eye.  With  these  experi- 
ments many  quite  unusual  salamanders  have  been  produced !  Some  have 
extra  legs  on  their  backs,  eyes  on  their  tails,  etc.  The  results  of  these 
experiments  have  given  us  a  clearer  picture  of  the  importance  of  tem- 
poral events  in  the  differentiation  of  the  embryo. 

These  transplantation  experiments  denitely  show  that  there  is  a 
point  at  which  the  individual  cells  lose  their  extensive  potentialities 
and  become  limited  to  a  definite  pattern  of  action  and  structural  differ- 
entiation. In  those  animals  having  determinate  cleavage,  this  pattern 
is  fixed  in  the  eg^;  in  others,  this  pattern  is  apparently  not  fixed  until 
about  gastrulation. 

Embryonic  Determiners  or  Organizers. — When  the  cell  loses 
its  extensive  potentialities  apparently  some  chemical  change  occurs 
within  it.  This  change  may  occur  within  the  cell  itself,  or  very  commonly 
a  whole  group  of  cells  is  affected.  Certain  areas  of  the  embryo  are  able 
to  control  the  fate  of  surrounding  cell  masses.  These  parts,  known  as 
organisers,  are  the  source  of  chemical  substances  which  are  transmitted 
from  one  part  of  the  embryo  to  another. 

One  of  the  earliest  regions  to  assume  the  role  of  organizer  is  the 
dorsal  lip  of  the  blastopore.  This,  it  will  be  recalled,  is  the  area  where 
part  of  the  mesoderm  and  the  notchord  arise.  This  area  induces  the 
formation  of  the  neural  plate.  If  transplanted  to  another  embryo,  it 
will  induce  similar  formation  in  this  foreign  ectoderm. 


'b' 


In  those  embryos  having  meroblastic  cleavage,  a  similar  organizer 
is  noted  in  the  region  of  the  primitive  streak.  It  also  induces  the 
formation  of  the  neural  plate. 
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Other  organizers  appear  during  the  development  of  the  embryo  to 
control  organ  differentiation  in  specific  areas.  This  early  one,  however, 
is  the  primary  organizer  of  the  embryo. 

Twins  and  Twinning. — Much  of  the  above  information  has  throv^n 
light  upon  the  problem  of  twinning  as  it  occurs  in  animals.  In  those 
animals  normally  having  multiple  births,  the  young  are  usually  the 
result  of  the  fertilization  of  individual  ova.  In  human  beings,  fraternal 
twins  are  of  this  type  and  are  no  more  alike  than  are  individuals  born 
of  the  same  parents  at  different  times.  They  may  even  be  of  different 
sexes. 

The  other  type  of  twins,  the  identical  tnnns,  arises  from  a  single 
egg.  Naturally  being  from  a  single  egg,  these  individuals  have  identical 
inheritance  and  are  of  the  same  sex.  Experimentally,  twins  can  be 
produced  in  the  frog  by  separating  the  first  two  blastomeres.  Due  to 
the  extensive  potentiality  of  these  early  blastomeres,  this  is  entirely 
reasonable.  In  mammals,  this  method  of  twin  production  does  not  seem 
quite  possible  inasmuch  as  the  zona  pellucida  prevents  the  isolation  of 
these  early  blastomeres.  The  zona  pellucida,  it  will  be  recalled,  is  ex- 
tremely tough  and  does  not  disappear  until  cleavage  is  well  established. 
In  these  eggs,  it  appears  that  twinning  is  due  to  the  development  of 
two  inner  cell  masses,  each  with  its  own  axis  of  polarity  or  from  a  single 
organization  center  divided  either  by  fission  or  budding.  In  any  event, 
twinning  of  this  type  must  be  due  to  some  change  in  organization 
centers. 


CHAPTER  17 
GENETICS 


"Like  begets  like"  is  a  familiar  phrase  whose  origin  undoubtedly 
traces  back  to  the  dim  beginnings  of  human  civilization.  Our  heritage 
of  domesticated  plants  and  animals  is  a  tribute  to  the  early  recognition 
of  this  principle  by  our  unknown  ancestors. 

First  it  is  recognized  that  the  young  of  any  species  is  of  the  same 
type  as  its  parents,  that  is,  dogs  have  puppies,  cats  have  kittens,  corn 
produces  corn.  This  fact  naturally  is  of  significance,  but  of  even  more 
importance  is  the  fact  that  within  species,  varieties  can  also  be  relied 
upon  to  reproduce  themselves.  The  many  breeds  of  dogs  are  well  known 
and  have  been  developed  into  pure  breeding  stock;  these  same  facts  are 
evident  among  plants.  At  first  wild  plants  and  animals  must  have  been 
domesticated  through  the  empirical  selection  of  desirable  traits.  In  this 
way  early  man  was  able  to  make  the  transition  from  dependence  upon 
vagaries  of  hunting  to  the  more  certain  production  of  food  by  his  do- 
mesticated animals  and  plants. 

This  original  development  of  desirable  races  of  plants  and  animals 
was  done  without  benefit  of  any  knowledge  of  the  physical  basis  of 
the  inheritance.  It  remained  for  a  long  series  of  scientists  to  discover  the 
processes  of  sexuality,  gametogenesis,  and  the  physical  basis  of  in- 
heritance. With  the  development  of  this  knowledge,  plant  and  animal 
breeding  has  taken  great  forward  strides.  The  present-day  descendants 
of  the  early  domestic  animals  and  plants  would  scarcely  be  recognized 
by  the  first  early  breeders.  Through  this  knowledge,  the  food  supply 
of  the  world  has  to  a  great  extent  kept  pace  with  the  ever-increasing 
world  population. 

These  same  principles  can  be  observed  among  human  beings. 
The  resemblance  of  children  to  parents  is  constantly  the  subject  of 
great  discussion  among  families.  While  this  resemblance  is  often  very 
obvious,  differences  do  exist.    While  the  child  resembles  his  parents,  he 
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is  never  exactly  like  them.     Thus  stability  in  inheritance  goes  hand  in 
hand  with  variations. 

The  scientific  study  of  the  inheritance  of  characters  from  genera- 
tion to  generation  is  known  as  genetics.  The  resemblance  of  indi- 
viduals of  common  descent  is  known  as  heredity.  More  precisely  ge- 
netics attempts  to  discover  the  laws  which  control  not  only  the  resem- 
blances but  the  variations  that  occur. 

At  present  it  is  known  that  the  gap  from  generation  to  generation 
is  bridged  by  the  gametes.  It  is  in  the  egg  and  sperm  that  the  mate- 
rials are  located  w^hich  will  give  rise  to  the  new  generation  with  its 
resemblances  and  variations.  This  fact  was  clearly  stated  by  Weismann 
in  his  theory  of  the  continuity  of  the  germplasm.  The  beginnings  of  a 
scientific  understanding  of  heredity  were  impossible  until  the  true 
nature  and  meaning  of  sexuality  in  both  plants  and  animals  w^ere  recog- 
nized. Some  of  the  early  microscopists  made  this  important  contri- 
bution in  the  seventeenth  and  eighteenth  centuries. 

The  founder  of  modern  genetics  was  Mendel,  an  Austrian  monk. 
Working  in  his  monastery  garden,  he  observed  that  certain  variations 
existed  among  the  pea  plants  which  he  was  tending.  The  plants  varied 
in  height,  in  the  color  of  the  flowers,  and  in  the  nature  of  the  seed 
produced.  No  doubt  these  variations  had  been  noted  before,  but  until 
Mendel  no  one  had  carefully  observed  and  studied  them.  He  kept  care- 
ful records  of  his  plants  and  thus  knew  the  ancestry  of  each  individual 
plant.  He  cross-fertilized  them  and  then  studied  specific  characters. 
He  kept  accurate  count  of  the  individuals  showing  certain  specific  char- 
acters. In  this  way,  he  showed  that  inheritance  was  not  a  random  affair, 
but  rather  was  subject  to  definite  laws.  He  demonstrated  that  the 
traits  of  the  offspring  were  predictable  if  those  of  the  parents  were 
sufficiently  well  understood. 

Unfortunately  Mendel's  work  which  he  published  in  1866  was  lost 
to  the  scientific  world  for  over  thirty  years.  With  the  discovery  of 
this  w^ork  in  the  early  1900's,  the  science  of  genetics  had  its  beginning. 
Since  then,  it  has  grown  into  a  science  which  influences  all  of  our 
lives  and  has  contributed  much  to  human  well-being.  With  this  dis- 
covery of  his  work,  the  laws  which  he  formulated  became  the  basis  of 
our  present  knowledge. 
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THE  FIRST  MENDELIAN  LAW 

Although  numerous  individuals  before  Mendel's  time  had  studied 
the  effects  of  hybridization  (cross-fertilization)  upon  plants,  none  of 
them  had  actually  confined  his  attention  to  single  characters.  The  par- 
ticular genius  of  Mendel  lay  in  the  fact  that  he  had  the  intelligence  to 
observe  but  a  single  character  and  to  ignore  the  others.  For  example, 
he  first  noted  and  counted  the  color  of  the  flowers  without  regard 
to  whether  the  plants  were  tall  or  short  or  to  how  they  bore  their 
leaves.  Later  he  was  able  to  consider  combinations  of  characters.  Thus 
this  attack  of  the  problem  from  individual  items  finally  led  to  the  over- 
all concept  of  inheritance. 

The  Study  of  a  Single  Character. — One  of  the  first  crosses  which 
Mendel  made  involved  flower  color.  He  crossed  white  and  red  flowered 
plants.  The  plants  resulting  from  the  seeds  of  this  cross  all  had  red 
flowers ;  however,  the  progeny  of  these  red-flowered  peas  produced  both 
red-  and  white-flowered  plants  in  a  definite  ratio.  In  the  first  gen- 
eration, these  characters  were  brought  together,  and  in  the  second  they 
were  separated.  It  would  appear  that  the  factors  determining  the 
characters  were  separated  or  segregated  at  each  cross. 

It  must  be  realized  that  Mendel  knew  nothing  of  the  physical 
basis  of  this  heredity.  It  was  not  until  many  years  later  that  the 
explanation  of  his  discovery  was  found  within  the  cells  themselves. 

From  his  observation,  Mendel's  first  law,  the  law  of  segregation, 
may  be  stated  as  follows :  Factors  jor  cacJi  character  are  segregated 
or  separated  at  each  generation. 

A  Monohybrid  Cross. — Mendel  formulated  his  first  law  from  his 
observations  of  the  type  of  crosses  described  above.  As  these  crosses 
involved  but  a  single  pair  of  characters,  they  were  known  as  mono- 
hybrid  crosses. 

For  the  parental  generation,  Mendel  used  a  pure-breeding  line  of 
red  flowers  and  one  of  white  flowers.  These  lines  were  established 
by  long,  patient  selection. 

From  many  crosses  similar  to  this  one,  Mendel  was  able  to  draw 
several  different  conclusions.  First  he  noted  that  with  this  contrasting 
pair  of  characters,  one  character  expressed  itself  over  the  other  in 
the  first  generation.  There  was  no  intermediate  color  between  the  red 
and  white.  He  termed  the  red  color  dominant  to  the  white.  Inasmuch 
as  the  white  did  not  appear  in  the  first  cross,  he  termed  it  recessive.    He 
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also  definitely  showed  that  the  characters  were  separated  at  each  genera- 
tion. As  one  more  conclusion,  he  pointed  out  that  the  appearance  of 
the  organism  did  not  necessarily  indicate  the  appearance  of  the  offspring. 
It  is  now  known  that  these  factors  determining  the  flower  colors  in 
this  cross  are  located  on  the  chromosomes  and  are  known  as  genes.  Rec- 
ognizing these  facts,  geneticists  have  adopted  a  shorthand  method  for 
indicating  these  crosses.  The  genes  are  commonly  indicated  by  letters 
of  the  alphabet,  with  the  dominant  gene  being  designated  by  the  capital 
letter  and  the  recessive  gene  by  the  small  letter.  The  letter  chosen  for 
the  particular  gene  is  customarily  the  first  one  of  the  name  of  the 
character  determined  by  the  dominant  gene. 


PARENTS 


BED  WHITE 

RR  rr 


RED 

Rr 


RR 


Rr 


WHITE 


rr 


Fig.  89. — A  monohybrid  cross  involving  flower  colors  in  peas.  In  this  cross 
R  —a  gene  for  red  and  r  —  a  gene  for  white.  Red  is  dominant  over  white.  The 
F    combinations  are  shown  in  a  typical  Punnett  square. 


The  abbreviations  Pi  and  Fi  refer  to  the  first  parental  and  first 
filial  generations,  respectively.  The  actual  genetic  composition  of  the 
various  individuals  involved  can  be  seen  to  differ.  Some  of  the  red 
flowers,  for  example,  apparently  have  the  characters  for  both  red  and 
white,  while  others  have  only  those  for  red.  When  the  genes  for  a  single 
character  are  identical  (RR  or  rr),  the  individual  is  said  to  be  homozy- 
gous for  that  character.  If  the  genes  are  unlike  (Rr)  the  individual  is 
said  to  be  heterozygous.  The  genetic  composition  of  the  individual  (Rr, 
RR,  or  rr)  is  known  as  the  genotype,  while  its  appearance  (red  or 
white)  is  the  phenotype.  In  this  cross,  the  F2  generation  has  a  geno- 
typic  ratio  of  1 :2  :1,  but  a  phenotypic  ratio  of  3  :1. 

Due  to  the  fact  that  these  factors  are  randomly  distributed  to  the 
gametes,  large  numbers  of  individuals  must  be  studied  and  counted  to 
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establish  these  ratios.  The  manner  in  which  the  genes  are  distributed 
in  the  Fa  generation  may  be  illustrated  by  a  Punnett  square.  All  pos- 
sible combinations  must  be  considered. 

This  same  type  of  inheritance,  involving  but  a  single  pair  of  char- 
acters, has  been  studied  among  innumerable  plants  and  animals.  One 
common  trait  among  cattle  is  that  in  which  the  horns  are  absent.  This 
condition  known  as  polled  is  inherited  as  a  dominant  trait  over  the 
horned  condition. 

It  can  be  seen  here  that  the  phenotypic  ratio  in  the  second  genera- 
tion is  the  expected  three  polled  to  one  horned  individual. 
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Fig.  90. — A  monohybrid  cross  in  cattle.     In  this  cross,  P—a.  gene  for  polled,   and 
p—a  gene  for  horned.     Polled  is  dominant  over  the  horned  condition. 


Monohybrid  Crosses  Without  Dominance. — In  the  examples  of 
monohybrid  crosses  so  far  considered,  the  expression  of  one  gene  is 
completely  dominant  over  that  of  its  contrasting  gene  or  allelomorph. 
Such  is  not  always  the  case.  At  times,  one  gene  does  not  exercise  com- 
plete dominance  over  the  expression  of  the  other.  Such  a  condition  may 
result  in  the  heterozygote  being  intermediate  between  the  two  or  in 
some  instances  entirely  different. 

In  snapdragons,  for  example,  a  plant  homozygous  for  the  factor 
for  red  flowers  when  crossed  with  a  plant  homozygous  for  white  flowers 
produces  plants  with  pink  flowers.  A  cross  between  two  Fi  pink  flowers 
yields  one  red  flower,  two  pink,  and  one  white.  The  phenotypic  and 
genotypic  ratios  are  identical  in  the  F2. 

This  illustrates  a  case  where  the  heterozygous  condition  is  inter- 
mediate between  the  two  extremes.  Actually  there  may  be  all  degrees 
of  blending  between  two  contrasting  characters.     In  some  instances,  the 
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heterozygous  condition  is  even  entirely  different  from  either  of  the 
homozygous  conditions.  One  common  example  of  this  is  found  in 
the  inheritance  of  color  in  the  Blue  Andalusian  fowl.  If  the  fowl  is 
homozygous  for  the  gene  B,  the  feathers  are  black;  if  homozygous  for 
b,  the  feathers  are  white.  The  heterozygous  condition,  Bb,  results  in 
a  fowl  having  the  so-called  blue  color. 
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Fig.  91. — A  monohybrid  cross  involving  color  in  fowl.     In   this  cross,   B  —  a   gene 

for  black  and  b  —  a  gene  for  white. 


The  Physical  Explanation  of  Segregation. — The  formulation  of 
this  first  law  of  Mendel's  was  not  based  on  any  cytological  knowledge. 
It  was  not  until  many  years  after  Mendel's  work  that  his  conclusions 
were  verified  by  the  study  of  gametogenesis.  During  gametogenesis, 
it  will  be  recalled,  the  chromosomes  divided  and  separated  at  the  first 
and  second  maturation  divisions.  One  of  each  original  pair  of  homolo- 
gous chromosomes  remained  in  each  egg  or  sperm  finally  produced. 
Further,  since  the  chromosome  movements  were  random,  the  combina- 
tions of  different  chromosomes  were  entirely  fortuitous. 

The  factors  controlling  the  expression  of  various  characters  are 
the  genes.  These  are  located  on  the  chromosomes,  and  are  arranged  in 
a  linear  fashion.  Thus  a  single  chromosome  has  many  genes.  The 
genes  concerned  with  a  single  character  are  located  in  identical  posi- 
tions on  homologous  chromosomes ;  thus  it  is  evident  that  in  meiosis  one 
of  each  pair  of  factors  will  go  to  each  gamete.  When  the  gametes  com- 
bine at  fertilization,  the  homologous  chromosomes  come  together  and 
the  pairs  of  factors  are  restored;  however,  again  chance  plays  an  im- 
portant role  for  the  combination  of  egg  and  sperm  is  also  a  random 
affair;  any  one  sperm  may  combine  with  any  one  egg. 
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Those  genes  affecting  a  single  character  are  located  in  the  same 
position  or  locus  in  homologous  chromosomes  and  are  known  as  alleles 
or  allelomorphs.  The  exact  nature  of  the  gene  is  still  a  subject  of  much 
speculation  and  study  by  biologists.  It  is  believed  that  the  gene  is  a 
complex  protein  molecule  which  is  capable  of  retaining  its  identity  and 
duplicating  itself  during  cell  division. 

Drosophila  as  an  Experimental  Animal. — Much  of  the  cytolog- 
ical  work  and  final  confirmation  of  observed  genetic  results  has  been 
done  with  the  fruit  fly,  Drosophila  melanogaster. 


Fig.  92. — The  fruit  fly,  Drosophila  melanogaster. 

In  order  to  obtain  accurate  results  from  various  crosses,  a  large 
number  of  individuals  must  be  counted  and  tabulated.  For  this  reason, 
large,  slow-breeding  animals  or  plants  are  hardly  suitable.  It  was  the 
famous  geneticist,  T.  H.  Morgan,  who,  with  his  associates,  first  worked 
with  the  now  famous  fruit  fly.  This  small  fly  has  many  advantages  for 
these  studies.  First  it  is  small  and  easy  to  raise.  It  produces  large 
numbers  of  progeny  in  a  very  short  time.  It  would  almost  appear 
that  the  fruit  fly  was  in  some  way  specifically  designed  to  aid  geneticists. 
Not  only  does  it  have  the  already  mentioned  advantages,  but  in  addition 
it  has  but  few  chromosomes  (four  pairs)  and  many  of  its  characters 
are  easily  seen.     (Fig.  103.) 
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THE  SECOND  MENDELIAN  LAW 

Mendel's  elucidation  of  his  first  law  is  basic  to  an  understanding  of 
all  genetics.  Usually,  however,  characters  are  studied  in  combination. 
From  a  practical  viewpoint,  animal  and  plant  breeders  must  deal  with 
several  characters  at  a  time;  thus  an  understanding  of  the  behavior  of 
several  factors  in  a  single  cross  is  important. 

The  Study  of  Two  Characters. — Mendel,  in  his  logical  fashion, 
undertook  this  study  by  using  two  characters  which  he  had  previously 
independently  studied  in  monohybrid  crosses.  One  of  these  crosses  in- 
volved pure-breeding  lines  of  yellow  round  peas  and  wrinkled  green  peas. 
He  noted  that  in  the  Fi  generation,  all  the  peas  were  yellow  and  round. 
A  cross  between  two  Fi  individuals  produced  progeny  of  four  different 
types  which  were  in  definite  ratios  to  one  another.  From  the  F2  indi- 
viduals, it  was  apparent  that  each  pair  of  characters  or  allelomorphs 
was  inherited  independently  of  the  other.  From  this,  he  formulated 
his  second  important  law :  in  a  cross  involving  more  than  one  pair  of 
characters,  the  inheritance  of  each  pair  is  independent  of  the  others. 

Again  the  truth  of  this  law  is  verified  by  cytological  studies.  It 
will  be  recalled  that  during  meiosis,  the  chromosomes  of  different  homol- 
ogous pairs  moved  independently  of  one  another.  The  genes  located 
on  the  different  pairs  of  chromosomes  likewise  would  be  carried  with 
the  chromosomes  and  distributed  in  a  random  fashion. 

A  Dihybrid  Cross. — This  second  law  was  formulated  from  ob- 
servations of  crosses  such  as  that  described  above.  Inasmuch  as  two 
characters  are  involved,  the  cross  is  known  as  a  dihybrid  cross. 
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Fig.  93. — A  dihybrid  cross  in  peas.  Y  =  a  gene  for  yellow,  y  =  a  gene  for 
green;  R  =  a  gene  for  round;  and  r  =  a  gene  for  wrinkled.  Yellow  and  round  are 
dominant  over  green  and  wrinkled. 
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In  the  cross  illustrated  in  Fig.  93,  the  following  ratios  are  observed. 
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This  9  :3  :3  :1  phenotypic  ratio  is  characteristic  of  the  F2  generation 
of  a  dihybrid  cross  where  dominance  is  exhibited  in  both  sets  of  genes 
and  where  they  are  located  on  different  chromosomes. 

Multihybrid  Crosses. — Crosses  involving  more  characters  can  be 
made,  but  they  become  very  awkward  to  handle.  A  cross  similar  to  the 
ones  just  studied  but  involving  three  characters  would  have  the  Fa 
phenotypic  ratio  of  27:9:9:9:3:3:3:1.  This  would  involve  64  squares 
in  the  Punnett  diagram.  The  large  number  makes  it  very  awkward  to 
study  diagrammatically  these  multihybrid  crosses ;  however,  a  relation- 
ship exists  so  that  formulas  may  be  constructed  to  indicate  the  number 
of  gametes,  combinations,  phenotypes,  etc. 

Let  N  =  the  number  of  pairs  of  factors  to  be  studied,  then  2" 
=  the  number  of  gametes  produced  by  each  Fi.  2°  also  equals  the 
number  of  phenotypes  of  the  F2  generation;  3°  equals  the  number  of 
genotypes;  and  4°  equals  the  number  of  squares  in  the  F2  Punnett  dia- 
gram. 

Formula      2  pairs      3  pairs      4  pairs 

Number  of  gametes  produced  by  F^  2"  4  8  16 

Number  of  different  phenotypes  in  Fj 2°  4  8  16 

Number  of  different  genotypes  in  Fj 3"  9  27  81 

Number  of  squares  in  F,  Punnett  square 4°  16  64  256 

Interaction  of  Factors. — There  are  certain  individual  phenotypic 
characters  which  are  controlled  by  more  than  one  pair  of  genes.     By 
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this  interaction  of  several  factors,  different  combinations  may  result. 
For  instance,  in  fowl,  each  variety  has  a  typical  type  of  comb.  The 
inheritance  of  this  comb  character  is  controlled  by  two  pairs  of  allelo- 
morphs. The  Wyandotte  breed  has  a  low  regular  type  comb  known  as 
"rose" ;  Brahmas  have  a  narrow  three-ridged  comb  known  as  "pea" ; 
while  Leghorns  and  some  others  have  a  single  comb  consisting  of  a 
simple  upright  blade.  The  breeding  of  a  rose-combed  fowl  with  a  pea- 
combed  one  produces  a  fowl  with  a  comb  entirely  different  from  either 
parent,  a  "walnut  comb,"  so  named  due  to  its  resemblance  to  a  walnut 
meat.  These  results  can  only  be  explained  by  the  fact  that  the  type  of 
comb  is  controlled  by  two  pairs  of  allelomorphs,  each  on  a  separate 
chromosome,  one  designated  as  R,  the  others  as  P.  If  at  least  one  R  is 
present  without  a  F,  a  rose  comb  results ;  if  but  one  P  is  present  without 
the  R,  a  pea  comb  results.  If  both  R  and  P  are  present,  a  walnut 
comb  results ;  if  neither  is  present,  a  single  comb  results. 
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Fig.  94. — A  dihybrid  cross  in  which  two  pairs  of  allelomorphs  interact  to  control 
a  single  phenotypic  character,  in  this  case  the  comb  appearance  in  fowl. 


Complementary  factors  demonstrate  another  type  of  cross  in  which 
the  interaction  of  genes  is  shown.  An  excellent  example  of  this  inter- 
action is  found  in  the  coat  color  of  guinea  pigs.  This  is  controlled  by 
two  sets  of  complementary  factors.  One  of  these,  designated  C,  allows 
the  development  of  color;  the  other,  A,  causes  banding  of  the  black 
hairs  with  yellow,  resulting  in  the  agouti  pattern.  If  C  is  present  with 
only  a,  the  animal  is  black ;  if  A  alone  is  present  with  c,  or  if  only  a  and 
c  are  present,  the  animal  is  an  albino.  In  the  F.,  the  ratio  is  9  agoutis 
to  3  blacks  and  4  albinos. 
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In  fact  all  combinations  totaling  16  in  the  F^  may  result  by  inter- 
action of  two  factors.  Some  ratios  are  12:3:1,  13:3,  9:3:4;  all  totaling 
16,  but  occurring  in  different  combinations. 
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Fig.  95. — Another  cross  in  which  two  allelomorphic  pairs  interact  to  control  a  single, 
phenotypic  character,  in  this  case  coat  color  in  guinea  pigs. 

Skin  color  in  human  beings  illustrates  the  condition  of  cumulative 
factors.  In  this  case,  two  pairs  of  allelomorphic  genes  are  again  in- 
volved. In  this  cross,  the  more  dominants  present,  the  darker  the  skin. 
Black  has  four  dominants  represented  thus:  AABB;  while  white  is 
aahh.  The  mulatto  is  AaBh,  aaBB,  or  AAbb  ;  dark  is  AABb  or  AaBB, 
while  light  is  aaBb  or  Aabb. 
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Fig.  96. — A  cross  involving  cumulative  factors.     In  skin   color  in  human   beings,  4 
dominants  produce   black;   3   produce   dark;    2,    mulatto;    1,    light;    and    none,    white. 
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MULTIPLE  ALLELES 

In  the  examples  which  have  been  cited,  there  were  but  two  char- 
acters in  each  allelomorphic  group.  Most  factors  are  of  this  type; 
however,  there  are  some  alleles  which  occur  in  series.  These 
alleles  always  occupy  the  same  locus  or  position  on  homologous 
chromosomes ;  thus  only  two  of  each  allelomorphic  series  may  occur 
in  any  one  individual.  One  extreme  example  of  this  allelomorphic 
series  is  that  concerned  with  eye  color  in  Drosophila.  There  are  at 
least  14  alleles,  ranging  in  color  from  white  through  ivory,  wine,  buff, 
apricot,  etc.,  to  the  normal,  red.  The  red  is  dominant  to  all  others  of 
the  series. 

The  inheritance  of  blood  groups  in  human  beings  is  another  case 
of  multiple  alleles  or  allelomorphs.  In  this  case,  there  are  three  allelic 
genes  named  A,  a",  and  a.  A  is  the  factor  responsible  for  the  production 
of  antigen  A,  a®  for  B,  and  a  for  neither.  The  genotype  of  the  four 
groups  thus  is  as  follows : 

Group  Genotype 

AB  Aa= 

B  a^a"  or  aa° 

A  AA  or  Aa 

O  aa 

A  somewhat  unique  situation  exists  here  inasmuch  as  with  the 
genotype  Aa^,  each  factor  produces  its  effect  completely,  and  both  are 
completely  dominant  over  a. 

SEX  LINKAGE 

In  the  discussion  of  sex  hormones,  it  was  pointed  out  that  the  dif- 
ferences between  the  two  sexes  were  really  a  matter  of  contrasts  of 
characters.  The  development  of  many  of  these  characters  was  influ- 
enced by  the  sex  hormones.  While  in  lower  animals  hermaphroditism 
(testes  and  ovaries  in  the  same  individual)  is  not  uncommon,  among 
the  vertebrates  it  is  a  comparatively  rare  phenomenon.  Ordinarily 
among  these  latter  forms  there  is  a  clear-cut  distinction  between  the  male 
and  female  individuals.  Secondary  sexual  characters  are  to  a  great 
extent  determined  by  the  sex  hormones ;  fundamentally,  however,  sex 
and  its  manifestations  are  controlled  by  the  chromosomes. 
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The  Chromosomal  Mechanism. — The  number  of  chromosomes 
of  a  particular  species  of  animals  is  constant.  This  number  is  formed 
of  the  sex  chromosomes  and  the  autosomes.  A  normal  animal  has  at 
most  two  sex  chromosomes  while  the  number  of  autosomes  varies  from 
species  to  species.  The  sex  of  an  animal  appears  to  be  determined  in 
part  by  the  balance  between  the  sex  chromosomes  and  the  autosomes. 

In  most  animals,  including  mammals,  the  sex  chromosomes  are 
designated  as  either  X  or  Y.  In  general,  the  Y  chromosome  is  dif- 
ferentiated from  the  X  by  its  smaller  size.  The  female  has  two  X  chro- 
mosomes, while  the  male  has  a  single  X  and  a  single  Y  chromosome. 
(Fig.  103).  In  some  species  the  Y  chromosome  is  lacking,  but  it  is  of 
little  importance  since  it  ordinarily  does  not  carry  many  genetic  factors. 
From  this  it  can  be  seen  that  the  sex  of  the  individual  is  determined  at 
fertilization,  as  one-half  of  the  sperms  carry  an  X  chromosome  and  the 
other  half  carry  a  Y  chromosome.  The  eggs  will  all  have  only  X  chromo- 
somes. When  the  sperm  and  egg  unite,  a  female  will  be  produced  if 
the  sperm  entering  carries  an  X  chromosome ;  a  male  will  be  produced 
if  this  sperm  carries  a  Y.  It  is  apparent  then  that  in  normal  populations 
there  should  be  approximately  equal  numbers  of  males  and  females. 
This  sex  determination  is  illustrated  in  Fig.  97. 
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Fig.  97. — Determination  of  sex.     An  individual  with  XX  is  a  female,  and  one  with 
XY  is  a  male;  thus  the  type  of  sperm  determines  the  sex  of  the  offspring. 


At  times  Drosophila  develop  that  have  more  autosomes  or  X  chro- 
mosomes than  normal.  These  are  ordinarily  produced  by  the  failure 
of  the  chromosomes  to  pull  apart  during  meiosis.  If  there  are  three 
X  chromosomes  and  a  normal  number  of  autosomes,  a  super  female 
is  produced.  If  there  is  but  one  X  chromosome  and  more  autosomes 
than  normal,  a  super  male  will  be  produced.  These  flies  are  usually 
larger,  but  they  are  less  viable  and  frequently  sterile. 

Intersexes  may  also  be  produced.  These  have  more  autosomes 
than  normal,  but  only  two  X  chromosomes.  Occasionally  in  early 
embryology,  the  chromosomes  will  fail  to  divide  properly  and  one  side 
of  the  animal  will  have  a  balance  producing  a  female  and  the  other 
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side    a    male.      This    is    frequently    startling    observed    in    butterflies 
where  one  pair  of  wings  will  be  black  the  other  pair  yellow. 

The  rare  appearance  of  these  abnormal  individuals  indicates 
that  sex  determination  is  not  simply  a  matter  of  the  X  and  Y  chromo- 
somes, but  actually  represents  a  balance  between  the  sex  chromosomes 
and  the  autosomes. 

Sex-Linked  Characters. — The  genes  for  certain  somatic  char- 
acters are  carried  on  the  X  chromosomes,  and  are  called  sex-linked 
genes.  Because  of  this  fact,  the  female  has  the  usual  allelomorphic 
pair  of  genes  for  a  character,  while  the  male  with  but  a  single  X  chromo- 
some can  have  only  one  gene  for  these  characters.  The  Y  does  not  carry 
these  genes.  This  makes  it  possible  for  a  recessive,  sex-linked  character 
to  show  up  more  frequently  in  the  male.  In  the  female,  this  same  reces- 
sive factor  carried  on  one  X  chromosome  might  not  express  itself  due 
to  the  fact  that  the  dominant  allelomorphic  factor  may  be  on  the  other 
X  chromosome.  In  man,  an  example  of  a  sex-linked  character  is  a 
type  of  color  blindness  in  which  red  and  green  are  confused.  This  color 
blindness  is  determined  by  a  recessive  gene  carried  on  the  X  chromo- 
some. 

If  c  designates  a  gene  for  color  blindness  and  C  a  gene  for  its 
normal  allelomorph,  the  following  genotypes  could  occur  in  each  sex. 
In  these  crosses,  the  allelomorph  in  the  male  is,  of  course,  absent;  in 
its  place  the  Y  chromosome  is  listed. 

Male  Female 

X°Y  Normal  X°X°  Normal 

X"=Y  Color  blind  X^X'=  Normal 

X'^X''  Color  blind 

From  this,  it  will  be  observed  that  in  sex-linked  inheritance,  the 
female  may  act  as  a  carrier,  having  the  recessive  character  but  not 
showing  it.     Also  it  can  be   seen  that  in   sex-linked   inheritance,   the 
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Fig.  98.— A  cross  involving  a  sex-linked  character;  in  this  case,  color  blindness. 
This  character  is  carried  on  the  X  chromosome,  so  there  are  two  genes  in  the 
female  and  only  one  in  the  male.  The  factor  for  color  blind  is  recessive  to  the 
normal  condition. 
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male  ofifspring  receives  the  factor  for  a  character  from  the  female 
parent.  This  inheritance,  often  called  "crisscross  inheritance,"  may 
appear  in  a  male  in  one  generation,  be  carried  by  the  female  of  the  next, 
and  then  reappear  in  the  males  of  the  third  generation. 

Hemophilia,  a  condition  in  which  the  blood  does  not  clot  properly, 
is  also  sex-linked  and  is  inherited  in  the  same  manner  as  color  blindness. 

Sex-Limited  Characters. — Genes  carried  on  the  X  chromosome 
that  do  not  show  dominance  produce  sex-limited  characters.  The  reason 
for  this  is  simple:  a  different  phenotypic  character  shows  up  in  the 
heterozygous  condition.  Since  this  takes  two  X  chromosomes  it  can 
appear  only  in  females.  An  example  of  this  is  coat  color  in  cats.  In 
this  case,  consider  B  as  representing  a  gene  for  black  while  b  is  a  gene 
for  yellow.  A  female  cat  may  be  X"X^  X^X^  or  X'X\  that  is,  the 
coat  color  may  be  black,  tortoise  shell,  or  yellow.  The  male  cat  can 
be  only  X^'Y  or  X^Y,  that  is,  black  or  yellow.  Thus  a  cat  that  is 
tortoise  shell  must  contain  two  genes  and  hence  is  a  female. 

Some  characters  while  not  sex-linked  are  sex  influenced.  One  type 
of  baldness  in  human  beings  is  of  this  kind.  The  gene  affecting  this 
character  is  carried  on  one  of  the  autosomes;  however,  its  expression 
is  controlled  by  the  sex  of  the  individual.  In  males,  it  is  dominant  and 
in  females  it  is  recessive. 

WZ  Sex  Determination. — The  XY  type  of  sex  inheritance  occurs 
in  most  animals;  however,  in  birds,  butterflies,  and  in  some  fish  there 
is  another  type  of  sex  determination  known  as  the  WZ  type.     In  this, 
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Fig.  99. — A  cross  involving  another  type  of  sex-linked  character  found  in  bii'ds. 
Here  the  characters  are  carried  on  the  Z  chromosome;  two  are  found  in  the  male 
and  one  in  the  female. 


the  male  has  two  Z's  while  the  female  has  the  WZ  combination.  The 
characters  are  carried  on  the  Z  chromosome.  This  means  that  sex-linked 
characters  will  be  just  reversed  in  this  type  of  inheritance  from  that 
seen  in  the  XY  type.     The  male  will  have  two  genes,  and  the  female 


Genetics         311 

one.  An  example  of  this  type  of  inheritance  is  that  of  barring  in  do- 
mestic chickens.  The  possible  combinations  of  this  character  for  each 
sex  are  as  follows : 

Male  Female 

Z»Z«  Barred  Z«W  Barred 

Z^Z"  Barred  Z'-W  Nonbarred 

Z^Z"  Nonbarred 

MUTATIONS 

In  most  of  the  genetic  studies,  the  constancy  of  characters  is  em- 
phasized and  utilized.  It  is  well  known  that  a  desirable  character  can 
by  careful  selection  be  maintained  through  many  generations.  Occa- 
sionally, however,  this  remarkable  continuity  is  interrupted  by  the 
sudden  appearance  of  a  new  character  in  place  of  the  old  familiar  one. 
These  sudden  changes  called  "sports"  have  long  been  known  to  plant 
and  animal  breeders,  and  were  even  utilized  for  the  development  of  new 
varieties.  Such  changes  were  not  studied  until  after  Mendel's  work 
was  discovered,  but  in  the  years  1901  to  1903,  a  Dutch  botanist,  de  Vries, 
made  intensive  studies  on  the  sudden  changes  that  occurred  in  popula- 
tions of  evening  primroses.  He  named  these  sudden  changes  ''muta- 
tions" and  suggested  in  the  theory  of  mutations  that  new  forms  arose 
by  these  sudden  discontinuous  changes.  Until  the  gene  theory  as  the 
basis  of  heredity  was  formulated,  the  exact  mechanism  of  these  changes 
remained  mysterious. 

Gene  Mutations. — The  gene  is  at  present  considered  to  be  a  com- 
plex protein  molecule  which  has  the  unique  ability  to  duplicate  itself. 
It  is  thought  that  slight  changes  in  the  arrangement  of  this  molecule 
may  account  for  the  observed  phenotypic  changes. 

These  changes  usually  occur  spontaneously  and  are  inherited  and 
passed  on  to  succeeding  generations.  In  Drosophila,  many  such  muta- 
tions have  been  carefully  studied.  The  many  different  eye  colors  have 
arisen  as  mutations  of  the  normal  red. 

In  the  laboratory  the  rate  of  mutation  among  experimental  ani- 
mals has  been  greatly  accelerated  by  the  use  of  x-rays  and  other  types 
of  radiation.  It  is  presumed  that  these  rays  strike  the  individual  genes 
and  cause  rearrangements  of  the  molecules. 

Mutations  are  recessive  rather  than  dominant  in  most  cases ;  thus 
they  may  not  show  up  phenotypically  for  several  generations.     This 
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has  been  one  of  the  reasons  why  many  scientists  have  feared  the  use 
of  bombs  which  may  expose  whole  human  populations  to  excessive  high 
energy  radiations. 

Lethal  Characters. — Occasionally  these  recessive  mutations  are 
lethal  in  nature;  that  is,  when  homozygous  they  may  actually 
destroy  the  potential  organism.  Some  may  simply  make  the  animal  or 
plant  less  able  to  adjust  to  its  environment.  An  albino  animal,  for  ex- 
ample, is  a  form  which  is  able  to  live,  but  which  is  so  conspicuous 
in  its  environment  that  its  enemies  can  see  and  destroy  it.  Also,  the 
albino  animals  tend  to  have  less  vigor  than  do  normal  ones. 
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Fig.  100. — A  cross  involving  a  lethal  character.     A^  =  a  dominant  factor  for  yel- 
low; a  =  a  recessive  factor  for  nonyellow. 


An  interesting  example  of  a  lethal  character  is  that  found  among 
vellow  mice.  These  mice  never  breed  true,  matings  always  producing, 
on  the  average,  two  yellows  to  one  black,  brown,  or  gray.  If  these  heter- 
ozygous mice  followed  the  normal  pattern,  there  would  be  three  yellows 
to  every  black,  brown,  or  gray,  that  is,  one  would  be  homozygous  for 
vellow,  two  would  be  heterozygous,  and  the  last  would  be  homozygous 
for  the  nonyellow.  The  actual  explanation  is  that  the  gene  for  yellow 
is  a  lethal,  but  kills  the  animals  only  when  homozygous.  It  is  probable 
that  the  homozygous  yellows  die  in  a  very  early  embryonic  stage. 


LINKAGE 

In  the  discussion  of  the  dihybrid  and  multihybrid  crosses,  each  allelo- 
morphic  pair  of  genes  assorted  independently.  This  condition  only 
applies  if  the  different  pairs  are  located  on  different  chromosomes,  for 
it  is  the  chromosomes  that  assort  independently  during  meiosis.  Since 
there  are  only  a  limited  number  of  chromosomes  and  an  exceedingly 
large  number  of  genes,  it  is  obvious  that  many  genes  must  be  located  on 
each  chromosome.  Genes  located  on  the  same  chromosome  are  said 
to  be  linked  and  are  not  assorted  independently  during  meiosis. 
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A  Cross  Involving  Linked  Genes.— An  example  of  this  linkage  is 
to  be  found  in  Drosophila  where  the  gene  for  body  color  is  located  on 
the  same  chromosome  as  that  for  length  of  wing.  In  diagraming  such  a 
cross,  the  linked  condition  is  indicated  by  writing  the  two  letters  desig- 
nating the  two  characters  together  with  a  bar  above  them. 
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Fig.  101. — Crosses  involving  linked  genes.     Genes  located  on  the  same  chromosome 

are  inherited  together. 

If  a  gray-bodied  vestigial-winged  fly  (GI  GI)  is  crossed  with  a 
black-bodied,  long-winged_fly_(gL  gL),  the  offspring  will  all  be  gray- 
bodied  and  long-winged  (gL  GI).  This  will,  of  course,  be  identical  with 
the  results  obtained  if  the_t\vo  characters  were  located  on  different 
chromosomes.  H  th[s  fly  (gL  GI)  is  crossed  with  a  black-bodied  vestig- 
ial-winged fly  (gi  gl)^the  offspring  will  be  50  per  cent  gray-bodied 
vestigial-winged  (GI  gl)  and  50  per  cent  black-bodied  long-winged 
(gL  gi).  In  this  latter  cross,  the  offspring  are  Hke  the  original  par- 
ents and  no  new  combinations  are  found. 


Fig.  102. — Diagrams  to  show  how  crossing  over  occurs  at  synapses. 

Crossing  Over. — At  times  in  a  cross  such  as  described  above,  in- 
dividuals with  the  combination  of  gray-bodied,  long-winged  and  black- 
bodied,  vestigial-winged  appear.  These  can  be  accounted  for  only  by 
assuming  that  portions  of  the  chromosomes  must  have  been  exchanged. 
This  crossing  over  or  exchange  of  portions  of  chromosomes  actually 
does  occur. 
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It  may  be  recalled  that  at  the  time  of  synapsis  during  meiosis,  the 
pairs  of  chromosomes  may  actually  twist  about  one  another  as  they  come 
to  live  close  together  in  the  formation  of  the  primary  oocyte  or  sperma- 
tocyte. At  this  time,  the  portions  of  chromosomes  may  interchange. 
The  percentage  of  crossover  is,  of  course,  small. 

First  cross:       Gl  Gl  X  gL  gL 

Gametes :  Gl      gL 

Progeny :  GlgL 

Gray-bodied,  long-winged 

Second  cross_:  ^1  gL  X  gl  gl 

Progeny:     Gl  gl     Gray-bodied,  vestigial-winged,  41.5% 

gL  gl     Black-bodied,  long-winged,  41.5% 

gl     gl     Black-bodied,  vestigial-winged,  8.5% 

GL  gl     Gray-bodied,  long-winged,  8.5% 

Chromosomal  Maps. — The  farther  apart  genes  are  located  on  a 
chromosome,  the  more  likely  they  are  to  be  affected  by  a  crossover 
Conversely  if  they  are  very  close  together,  crossing  over  would  seldom 
occur.  The  accurate  analysis  of  the  percentage  of  crossover  between 
genes  located  on  the  same  chromosome  has  made  possible  the  construc- 
tion of  accurate  chromosomal  maps  in  Drosophila.  In  these  maps,  the 
distance  between  various  genes  is  represented  as  a  function  of  the 
amount  of  crossover  between  them.  It  takes  very  many  studies  to 
give  the  necessary  information  to  make  these  maps.  Only  in  animals  or 
plants  having  a  comparatively  small  number  of  chromosomes  is  it  even 
possible  to  make  accurate  chromosomal  maps. 


Fig.   103. — Chromosomes  of  Drosophila.     A,   Male;   B,   female;    C,   enlarged   portion 

of  chromosome. 

Linkage  represents  important  confirmation  of  the  theory  that  genes 
have  a  linear  arrangement  on  the  chromosome.  In  the  salivary  glands 
of  the  Drosophila  larvae,  giant  chromosomes  are  found.  These  chromo- 
somes are  so  large  that  it  is  possible  to  make  out  much  of  the  structure 
that  is  normally  invisible.     On  these  chromosomes,  alternating  bands 
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of  lighter  and  darker  material  can  be  seen.  These  bands  may  be  the 
region  of  the  location  of  the  various  genes.  This  is  purely  supposition, 
as  the  gene  has  never  been  accurately  identified  even  by  use  of  the 
electron  niicroscooe. 

CYTOPLASMIC  INHERITANCE 

At  the  time  of  fertilization,  the  entering  sperm  brings  very  little  if 
any  cytoplasm  into  the  egg ;  thus  the  developing  embryo  has  genes  from 
both  parents,  but  essentially  has  cytoplasm  from  only  one  parent,  the 
mother.  This  poses  the  interesting  problem  as  to  whether  or  not  the 
cytoplasm  carries  any  hereditary  material. 

In  the  crosses  which  have  been  discussed  those  characters  which 
were  carried  on  the  autosomes  influenced  the  offspring  equally  whether 
or  not  they  were  carried  by  the  male  or  female  parent.  In  the 
cross  between  a  vestigial-winged  and  a  long-winged  Drosophila,  the  re- 
sulting Fi  generation  will  have  long  wings  regardless  of  which  parent 
carried  the  gene  for  long  wing.  Obviously  this  trait  is  completely  con- 
trolled by  the  genes  of  the  autosomes. 

There  are  other  characters,  however,  which  are  not  controlled  by 
the  chromosomal  genes  and  through  careful  experimentation  have  been 
shown  to  be  carried  in  the  cytoplasm.  One  example  is  that  of  CO2  sen- 
sitivity in  Drosophila.  Matings  of  sensitive  and  resistant  strains  of 
flies  resulted  in  offspring  that  were  not  alike  in  their  resistance.  Whether 
or  not  they  were  sensitive  to  the  CO-  depended  upon  whether  or  not 
the  mother  was.  This  sensitivity  is  controlled  by  a  special  gene  in  the 
cytoplasm  known  as  a  plasmagene.  A  few  animals  did  result  which 
were  not  like  the  mother,  but  this  can  probably  be  explained  by  the  fact 
that  occasionally  the  sperm  does  carry  some  cytoplasm  with  it. 

Another  plasmagene  has  been  studied  in  Paramecium,  a  one-celled 
animal.  This  plasmagene  is  functional  only  in  the  presence  of  a  gene 
in  the  nucleus,  thus  differing  in  this  way  from  the  plasmagene  for  CO2 
sensitivity  in  Drosophila.  The  gene  in  the  nucleus,  is  known  as  the 
killer  gene,  but  it  can  only  act  to  destroy  other  strains  of  paramecia  in 
the  presence  of  Kappa  material  (the  plasmagene)  found  in  the  cyto- 
plasm. The  killer  gene  follows  the  usual  methods  of  inheritance,  while 
the  plasmagene  is  definitely  shown  to  be  in  the  cytoplasm. 
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BIOCHEMICAL  GENETICS 

Another  recent  study  throws  some  Hght  on  the  methods  by  which 
genes  operate.  For  these  studies,  one  of  the  bread  molds,  Neurospora, 
has  been  extensively  used.  Neurospora  makes  a  very  useful  experi- 
mental material  for  eight  spores  are  produced  in  a  single  ascus  or  sac. 
These  spores  have  a  haploid  number  of  chromosomes,  all  of  which  have 
precisely  the  same  genetic  composition.  The  mold  is  normally  able 
to  synthesize,  by  means  of  its  various  enzymes,  many  of  the  chemical 
substances  which  it  needs  for  growth.  It  is  thus  possible  to  grow  this 
mold  on  a  minimal  medium  composed  of  agar,  biotin,  sugar  or  fat,  and 
some  inorganic  salts. 


Fig.  104. — An  ascus  of  Neurospora,  showing  the  eight  spores. 

In  the  experiment,  a  single  ascus  is  exposed  to  x-rays,  and  then 
the  individual  spores  are  separated  out  and  grown  on  an  artificial 
medium.  When  the  mature  mold  is  formed,  one  spore  from  each  culture 
is  placed  in  a  minimal  medium.  If  mutations  have  occurred  the  spores 
will  be  unable  to  grow  properly  due  to  the  absence  of  certain  enzymes. 
Those  spores  which  do  grow  in  this  minimal  medium  are  discarded  as  no 
biochemical  enzyme  changes  have  occurred.  Those  which  do  not  grow 
are  next  transferred  to  a  new  medium  which  is  deficient  in  only  one 
substance.  If  growth  occurs,  it  is  clear  that  this  enzyme  needed  for  the 
manufacture  of  the  food  substances  is  present,  but  the  transfers  con- 
tinue until  a  medium  is  found  in  which  growth  cannot  occur.  Thus  the 
mutant  strain  is  lacking  in  one  gene  which  controls  the  synthesis  of 
growth  substances.  Thus  it  is  demonstrated  that  the  genes  control  the 
enzyme  systems. 

THE  APPLICATION  OF  GENETIC  PRINCIPLES 

So  far  the  discussion  has  been  based  upon  the  theoretical  principles 
upon  which  the  science  of  genetics  is  based.  These  same  principles  have 
wide  application  in  the  practical  aspects  of  plant  and  animal  breeding. 
The  two  general  methods  which  are  utilized  are  known  as  inbreeding 
and  outbreeding. 
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Inbreeding. — It  has  long  been  known  among  plant  and  animal 
breeders  that  the  constant  crossing  of  individuals  of  similar  parentage 
often  results  in  lowered  vigor  of  the  progeny.  At  first  it  was  con- 
sidered that  these  results  were  due  to  the  inbreeding  itself;  from  our 
studies,  however,  it  is  clear  that  the  actual  cause  of  this  lowered  vigor 
is  the  increasing  homozygosity  of  the  individuals.  Thus  many  recessive 
characters  become  homozygous  and  appear;  previously  they  were 
masked  by  the  dominant  factors. 

With  inbreeding,  it  is  possible  to  isolate  certain  characters,  pro- 
duce homozygous  lines  and  then  utilize  these  as  breeding  stock.  By 
this  method  of  inbreeding,  various  strains  of  corn  homozygous  for  such 
characters  as  seed  size,  arrangement  of  kernels,  etc.,  have  become  fixed 
•  and  constant.  Inbreeding,  while  in  general  deleterious,  has  important 
values  as  a  technique  in  the  development  of  new  and  superior  strains 
of  plants  and  animals. 

Outbreeding. — The  exact  opposite  of  inbreeding  is  outbreeding  in 
which  two  strains  of  dissimilar  parentage  are  crossed.  It  has  long 
been  known  that  the  immediate  offspring  of  such  a  cross  are  usually 
more  vigorous  and  more  desirable  than  either  of  the  parents.  This 
phenomenon  is  known  as  hybrid  vigor. 

Again  this  particular  phenomenon  is  explained  by  our  knowledge 
of  the  gene.  In  any  such  cross,  dominants  will  mask  most  of  the 
weaker  recessives  found  in  either  line.  By  a  combination  of  inbreeding 
and  outbreeding,  many  of  our  better  breeds  of  plants  and  animals  have 
been  developed. 

In  recent  years,  the  most  spectacular  success  has  been  achieved  with 
corn.  By  careful  inbreeding,  pure  lines  with  desirable  characters  have 
been  developed.  These  lines  are  then  crossed  and  the  resulting  progeny 
are  superior  in  the  desired  traits  over  either  of  the  parental  stocks. 
These  heterozygous  individuals,  of  course,  are  not  true  breeding.  Pure 
breeding  lines  must  be  produced  continuously  to  develop  the  seeds  for 
the  hybrid  corn.  These  hybrids  are  remarkably  uniform  as  to  physical 
traits,  no  doubt  due  to  the  homozygosity  of  the  parental  strains. 

Human  Genetics. — The  principles  of  genetics  apply  equally  well 
to  human  beings;  however,  our  knowledge  of  human  genetics  is  much 
more  limited  than  it  is  of  other  organisms.  This  is  due  to  the  smaller 
number  of  offspring,  lack  of  control  over  matings,  and  the  large  number 
of  chromosomes.  These  facts  make  nearly  insurmountable  difficulties 
in  making  any  scientific  observations.     As  a  result,  the  only  characters 
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about  which  any  real  objective  information  can  be  obtained  are  compara- 
tively simple  ones  such  as  eye  color,  right-  or  left-handedness,  hemo- 
philia, red-green  color  blindness,  or  obviously  abnormal  ones.  This 
latter  group  includes  such  things  as  extra  fingers,  feeble-minded- 
ness,  syndactyly  (joined  fingers),  scaly  skin,  dwarfism,  etc.  Very 
often  these  abnormalities  appear  in  isolated  communities  where  a  great 
deal  of  inbreeding  has  occurred,  and  their  recessive  nature  can  then 
be  determined.  In  populations  where  intermarriage  between  unrelated 
groups  is  most  common,  the  abnormalities  which  appear  are  most  fre- 
quently dominant  ones. 

Some  inherited  human  characters  whose  genetics  is  understood  are 
as  follows : 

Character  How  Inherited  Nature 

Left-handedness  A  single  gene  Recessive  to  right-handedness 

Hemophilia  Sex-linked,  single  gene  Recessive  to  normal 

Polydactyly  Single  gene  Dominant  to  normal  condition 

(extra  digits) 

Albinism  Single  genes  Recessive  to  normal 

Feeble-mindedness  At  times  single  genes  Recessive  to  normal 

Red-green  color  Sex-linked,  single  gene  Recessive  to  normal 

blindness 


CHAPTER  18 
EVOLUTION 


During  medieval  and  ancient  times  it  was  commonly  believed  that 
living  organisms  arose  spontaneously  from  nonliving  materials.  Nu- 
merous cases  which  supported  this  belief  could  be  cited.  For  example, 
from  where  except  clay  banks  could  the  swallows  possibly  come?  and 
how  could  you  account  for  the  appearance  of  numerous  toads  except  to 
understand  that  they  arose  from  the  mud  of  stagnant  pools?  Certainly 
these  seemed  indisputable  facts.  These  beliefs  persisted  for  many  centu- 
ries until  a  series  of  experiments  beginning  with  those  of  Redi  and  cul- 
minating in  the  work  of  Pasteur  finally  overthrew  these  ludicrous  as- 
sumptions. 

It  was  in  the  year  1668  that  Redi  published  the  results  of  a  series 
of  experiments  which  he  had  performed.  These  involved  the  use  of 
controls  and  might  well  be  cited  as  models  of  the  well-performed  scien- 
tific experiment.  He  placed  small  pieces  of  meat  in  a  series  of  flasks. 
Some  of  these  flasks  were  left  open,  others  were  covered  with  gauze, 
while  those  of  a  third  group  were  tightly  sealed.  Fly  larvae  developed 
in  the  open  flasks  and  on  the  surface  of  the  gauze,  but  not  in  the  sealed 
vessels.  He  thus  conclusively  proved  that  flies  were  not  generated 
from  rotting  meat. 

Despite  the  obvious  validity  of  his  experimentation,  the  results  were 
not  universally  accepted.  In  fact,  his  conclusions  gave  rise  to  a  storm 
of  criticism  which  lasted  until  Pasteur  conclusively  proved  that  even 
bacteria  must  arise  from  previously  existing  ones.  This  work  of  Pasteur's 
was  done  in  1861,  thus  bringing  an  end  to  two  hundred  years  of  dissen- 
sion. For  his  experiment,  Pasteur  utilized  a  flask  with  a  long  S-shaped 
neck.  Within  this  flask  was  a  broth  suitable  for  the  growth  of  micro- 
organisms; after  the  neck  was  drawn  out,  the  broth  was  boiled  to  kill 
any  microorganisms  which  might  be  present.  Other  organisms  in  the 
air  were  prevented  from  entering  due  to  the  shape  of  the  neck.  Thus 
treated,  the  broth  would  not  ferment.     When  the  S-shaped  neck  was 
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broken,  air  containing  microorganisms  was  able  to  pass  into  the  flask 
and  the  broth  fermented.  In  1870,  T.  H.  Huxley  was  able  to  say  "Liv- 
ing matter  always  arises  by  the  agency  of  pre-existing  living  matter." 
This  he  termed  "biogenesis." 

Though  life  as  we  know  it  today  does  not  arise  from  nonliving  ma- 
terial, it  is  not  static ;  rather  it  is  constantly  changing  and  adjusting  to 
meet  the  demands  of  a  harsh  environment.  This  process  of  gradual 
change  which  has  resulted  in  the  multitude  of  animal  and  plant  forms 
is  termed  evolution. 

The  principle  of  organic  evolution  was  clearly  stated  by  Darwin 
in  his  book  The  Origin  of  Species  which  was  published  in  1859.  Since 
the  time  of  Darwin,  it  has  been  demonstrated  again  and  again  that  living 
materials  are  continuously,  though  imperceptibly,  changing.  It  is  now 
recognized  that  this  great  principle  of  gradual  change  also  applies  to  the 
development  of  civilizations,  the  growth  of  the  individual — in  fact  to 
all  living  phenomena.  As  such,  this  concept  becomes  one  of  the  great 
unifying  principles  of  biology. 

THE  ORIGINS  OF  LIFE 

While  Redi  and  Pasteur  decisively  demonstrated  that  living  materials 
can  arise  only  from  previously  existing  ones,  clearly  at  some  time  in  the 
past  life  must  have  originated  from  some  nonliving  system.  While  the 
precise  nature  of  the  first  living  organism  will  never  be  known,  one  can 
speculate.  With  the  increased  knowledge  of  physical  and  chemical 
phenomena,  a  more  factual  basis  can  be  given  to  these  speculations. 

Certainly  before  life  could  come  into  existence,  a  long  period  of 
chemical  evolution  was  necessary.  Conceivably  at  some  remote  period, 
the  earth  was  a  formless,  reactive  mass  of  material.  Perhaps  from  this 
amorphous  matter,  the  chemical  compounds  arose  through  purely  chance 
combinations  of  electrons.    Obviously  this  can  at  present  not  be  proved. 

Once  the  simple  compounds  had  formed,  it  must  be  assumed  that 
innumerable  chemical  reactions  were  taking  place.  Somewhere  in  all 
this  reactive  mass,  proteins  of  a  very  simple  type  were  formed.  These 
may  have  arisen  from  such  a  material  as  ammonia  which  could  have 
been  present  in  abundant  quantities.  Most  important  of  all  is  the  fact 
that  these  compounds  were  rich  in  available  energy  which  was  tied  into 
chemical  bonds.  Perhaps  the  first  organism  could  not  synthesize  the 
complicated  proteins  and  phosphates  that  are  so  necessary  for  modern 


Evolution        321 

plants  and  animals.  The  energy  of  this  first  life  may  have  been  derived 
from  simple  ammonia  compounds.  Then  as  these  organisms  evolved 
and  became  more  complex,  they  were  able  to  synthesize  the  more  compli- 
cated molecules  which  permitted  more  advanced  forms  to  evolve.  Thus 
these  first  things  were  scarcely  alive,  and  the  transition  from  nonliving 
to  living  was  subtle. 

There  have  been  many  theories  as  to  the  exact  nature  of  the  first 
living  materials.  The  most  widely  accepted  one  is  that  they  were  hetero- 
trophic organisms,  that  is.  they  depended  upon  other  sources  for  their 
energy.  Another  theory  states  that  the  first  organisms  were  autotrophic, 
that  is,  they  were  able  to  manufacture  their  own  food  from  raw  materials. 
This  latter  theory  had  wide  acceptance  for  a  long  time,  but  it  must  be 
realized  that  any  organism  that  synthesizes  its  energy  sources  is  an 
extremely  complex  one.  The  likelihood  of  its  arising  from  nonliving 
materials  in  light  of  our  present  information  seems  extremely  improbable. 

At  present  there  is  no  adequate  explanation  of  the  formation  of 
the  first  living  material.  The  conditions  bringing  about  its  formation 
may  have  occurred  but  once  in  the  long  history  of  the  earth.  Neverthe- 
less life  did  appear,  and  once  it  had  appeared,  it  rapidly  diversified  and 
multiplied. 

DEVELOPMENT  OF  THE  IDEA 

The  name  of  "Darwin"  is  considered  by  most  of  us  to  be  nearly 
synonymous  with  the  term  "evolution."  This  is,  of  course,  due  to  the 
fact  that  he  was  the  first  man  really  to  formulate  the  concept.  The  idea, 
however,  was  not  entirely  his  own:  he  owed  much  to  many  scientists 
who  had  preceded  him.  Further,  Wallace,  working  independently  in 
Malaysia,  conceived  the  identical  idea  at  about  the  same  time  as  Darwin. 
Moreover,  as  is  so  often  the  case  with  concepts  which  change  the  think- 
ing of  man,  this  one  had  been  brewing  for  many  centuries. 

In  attempting  to  classify  plants  and  animals,  early  naturalists  were 
often  impressed  with  the  relationships  of  the  organisms  to  one  another. 
Linnaeus,  the  founder  of  our  present  method  of  classification,  was  a 
firm  believer  in  the  fixity  of  species ;  yet  when  his  work  is  examined,  it 
is  clear  that  he  also  was  demonstrating  evolution. 

Of  the  predecessors  of  Darwin,  none  stands  out  more  clearly  than 
Buffon,  a  French  scientist,  who  lived  from  1707  to  1788.  This  versatile 
biologist  was  impressed  with  the  universality  of  nature,  and  in  his  con- 
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sideration  of  all  known  phenomena,  he  clearly  began  to  see  the  relation- 
ships of  animals  to  one  another.  His  most  important  contribution  was 
the  influencing  of  later  biologists  and  philosophers.  These  included 
among  others,  Erasmus  Darwin,  the  grandfather  of  Charles.  He,  too, 
furthered  the  idea  of  evolution  and  held  that  organisms  were  affected  by 
their  environment.  The  changes  thus  brought  about,  Erasmus  Darwin 
maintained,  were  inherited  by  the  offspring.  By  this  inheritance  of 
acquired  characteristics,  he  thought  new  forms  were  brought  into  being. 
A  contemporary  of  Erasmus  Darwin,  Lamarck,  likewise  was  convinced 
of  this  inheritance. 

No  adequate  proof  of  the  inheritance  of  acquired  characters  has  ever 
been  given.  Historically,  the  importance  of  this  concept  lies  in  show- 
ing that  evolutionary  thought  was  growing  in  the  minds  of  biologists  of 
the  period  preceding  Charles  Darwin.  More  important  in  its  influence 
on  Charles  Darwin  was  an  essay  by  Malthus  who  was  not  a  biologist 
at  all.  As  Malthus  contemplated  the  growth  of  populations,  he  felt  that 
the  number  of  individuals  in  the  world  was  increasing  geometrically  while 
the  food  supply  was  increasing  arithmetically.  Thus  he  foresaw  an 
eventual  limiting  of  populations  due  to  inadequate  food  supplies.  It  was 
from  the  reading  of  this  essay  that  Darwin  conceived  the  important  idea 
of  the  struggle  for  survival. 

The  concept  of  evolutionary  change  had  a  long  period  of  growth 
in  the  thoughts  of  Darwin.  When  he  was  but  a  very  young  man,  he 
undertook  a  four-year  voyage  around  the  world  as  biologist  on  the  ship, 
the  Beagle.  During  this  trip,  the  stimulus  of  so  many  new  lands  with 
their  varied  plants  and  animals  affected  him  profoundly.  He  visited 
many  islands,  observing  that  their  fauna  was  related  to  that  of  the  main- 
land. Also  of  great  importance  in  the  development  of  his  ideas  was  his 
collecting  of  fossils  and  his  study  of  geological  strata  in  South  America. 
The  ideas  thus  gathered  gradually  took  form  in  his  thinking,  resulting  in 
his  conceiving  the  theory  of  organic  evolution  as  stated  in  The  Origin 
of  Species  published  in  1859. 

Shortly  before  Darwin  was  ready  to  publish  his  thesis,  he  received 
a  letter  from  the  naturalist  Wallace  who  was  in  the  East  Indies.  Wal- 
lace had  spent  most  of  his  life  observing  animals  and  plants  in  many 
areas,  and  he,  too,  was  struck  by  the  multitude  of  forms  and  their  re- 
lationships. He,  too,  had  conceived  the  idea  of  organic  evolution.  Dar- 
win, in  a  characteristic  manner,  did  not  burn  Wallace's  letter^  rather 
be  made  the  pronouncement  a  joint  one. 
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The  Origin  of  Species  is  undoubtedly  one  of  the  most  important 
pieces  of  work  ever  published.  Not  only  did  it  influence  biological  think- 
ing, but  the  concepts  have  spread  into  all  fields  of  thought.  The  main 
points  of  Darwin's  thesis  were  that  animals  tended  to  reproduce  and 
outrun  their  food  supplies;  thus  many  must  perish.  Among  animals, 
variations  continuously  occurred.  Of  these  variations,  only  those 
forms  possessing  the  favorable  ones  could  survive.  "Survival  of  the 
fittest"  thus  accounted  for  the  continuation  of  new  forms.  Boldest  of 
all,  Darwin  finally  fit  man  into  the  animal  kingdom  and  showed  that 
he,  too,  had  evolved.  All  of  this  brought  forth  a  storm  of  criticism 
which  has  never  been  equalled.    Only  recently  has  it  died  down. 

THE  EVIDENCES  OF  EVOLUTION 

The  whole  organic  world  gives  evidence  of  the  fact  that  evolution 
has  occurred.  While  all  phases  of  zoology  demonstrate  this,  some 
do  it  more  clearly  than  do  others. 

Comparative  Anatomy. — The  study  of  the  comparative  anatomy 
of  the  vertebrates  gives  evidence  of  the  evolution  of  the  various 
parts.  In  particular,  the  forelimbs  with  their  many  modifications  may 
be  cited.  In  all  of  the  classes  of  vertebrates,  these  limbs  have  a  common 
basic  structure,  that  is.  the  parts  are  homologous.  However,  they  are 
often  greatly  modified  in  the  adult.  The  forelimbs  of  the  fish  become 
adapted  for  swimming;  those  of  the  birds  and  bats  for  flying;  of  man, 
for  grasping;  and  of  other  mammals  for  walking,  running,  digging,  or 
climbing.  Despite  this  seeming  disparity  of  use  and  appearance,  these 
limbs  show  that  there  was  common  ancestry  for  all  the  vertebrates. 

In  examining  animals  for  examples  of  homologies,  care  must  be 
taken  not  to  confuse  analogy  with  homology.  Analogous  structures  are 
structures  with  a  common  function  but  with  different  origin  and  struc- 
ture (Fig.  33).  Thus  the  wings  of  birds  and  bats  are  homologous; 
those  of  the  bird  and  insect  are  analogous. 

Many  other  structures  of  vertebrates  also  give  excellent  evidence 
of  common  origin.  Among  these  are  the  aortic  arches,  the  structure  of 
the  heart  (Fig.  47),  the  general  arrangement  of  organs,  the  structure 
of  the  brain  (Fig.  59),  and  the  teeth.  Even  among  the  invertebrates 
many  homologous  structures  are  observable.  By  use  of  these  like  or 
similar  structures,  it  is  possible  to  learn  the  relationships  of  the  many 
animal  phyla. 
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Comparative  Embryology. — All  of  the  multicellular  animals  orig- 
inate as  single,  fertilized  cells,  the  zygotes.  These  immediately  start 
dividing,  and  after  a  series  of  stages  the  adult  forms  are  attained  (Fig. 
84) .  In  this  development  there  are  several  recognizable  stages  :  the  early 
cleavage,  the  morula,  the  blastula,  and  the  gastrula.  The  more  closely 
related  the  animals  are,  the  longer  their  embryos  resemble  one  an- 
other. Among  the  vertebrates,  the  embryos  of  all  forms  bear  close 
resemblance  to  one  another  at  first ;  gradually  the  features  characteristic 
of  the  species  appear.  For  example,  the  embryo  of  a  fish  in  early  stages 
is  very  similar  to  that  of  man.  As  development  proceeds,  the  fish  shows 
its  divergence  first,  but  the  embryo  of  a  cat  or  dog  still  is  very  much 
like  that  of  the  human  being.  With  many  of  the  invertebrates,  it  has 
been  possible  to  determine  the  true  relationships  of  many  highly  aber- 
rant adults  by  study  of  the  developmental  stages. 

Von  Baer  noted  these  resemblances  and  formulated  some  general 
laws  of  embryonic  development :  ( 1 )  characteristics  specific  to  the 
organism  appear  after  the  more  generalized  ones;  (2)  during  its  de- 
velopment, the  animal  progressively  changes  in  form  from  other  related 
animals;  and  (3)  the  embryonic  stages  more  nearly  resemble  the 
young  stages  of  other  animals  lower  in  the  phylogenetic  scale  rather 
than  the  adults.  In  the  development  of  the  human  being,  for  example, 
gill  slits,  a  notochord,  and  aortic  arches  develop  only  to  be  shifted  to 
other  functions  as  growth  proceeds. 

Vestigial  Organs. — In  the  bodies  of  most  animals  are  struc- 
tures which  seemingly  have  no  adult  function.  In  the  human  body,  there 
are  approximately  ninety  such  structures  among  which  can  be  listed 
the  muscles  that  move  the  ears,  the  nictitating  membrane  of  the  eye, 
the  appendix,  segmental  abdominal  muscles,  caudal  vertebrae,  and  wis- 
dom teeth.  Their  presence  can  be  accounted  for  only  by  realizing  that 
they  are  vestiges  of  organs  which  were  useful  in  ancestral  forms.  They 
are  gradually  disappearing,  but  in  the  meantime  they  remain  as  mute 
evidence  of  the  theory  of  evolution. 

Comparative  Physiology. — Animals  are  not  only  structurally  sim- 
ilar, but  they  are  also  functionally  similar.  Thus  it  is  possible  to  study 
the  physiology  of  a  dog,  or  even  a  frog,  and  learn  much  about  human 
functioning.  These  physiological  relationships  are  widely  employed 
in  the  practice  of  medicine.  The  action  of  drugs  can  be  tested  on  rats 
and  the  results  applied  to  human  use.  Endocrine  products  such  as  thy- 
roxin can  be  obtained  from  the  glands  of  cattle  and  used  for  medica- 
tion in  man. 
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The  blood  of  all  vertebrates  contains  hemoglobin  as  the  respiratory 
pigment.  The  hemoglobin  varies  slightly,  and  this  is  best  shown  by 
the  hematin  crystals  which  can  be  formed.  The  form  of  these  crystals 
shows  relationships  which  parallel  those  shown  by  various  structures. 
Relationships  among  animals  further  can  be  demonstrated  by  serologi- 
cal tests,  that  is,  the  antigen-antibody  technique.  In  this  test,  serum  of 
an  animal  is  injected  into  another  animal,  often  a  rabbit.  After  a  time, 
the  rabbit  develops  antibodies  to  the  injected  serum.  The  serum  of  the 
rabbit's  blood  is  then  withdrawn  and  mixed  with  sera  from  other 
animals.  The  more  closely  related  the  animals  being  tested,  the 
greater  the  precipitate  formed;  distantly  related  forms  show  little  pre- 
cipitate. Thus  the  chemistry  of  the  body  also  shows  evolutionary  de- 
velopment. 

Paleontology. — Before  the  principle  of  evolution  was  generally 
accepted,  the  presence  of  fossils  in  rocks  was  a  disquieting  fact.  Some 
believed  that  these  represented  early  attempts  at  creating  the  "perfect 
forms."  The  fossils  were  "rejects"  of  an  earlier  experimental  period. 
Other  individuals  saw  them  as  remains  of  the  great  flood. 

When  viewed  in  the  light  of  the  theory  of  organic  evolution,  these 
remains  of  animals  seem  logical.  Many  represent  ancient  forms  that 
have  died  out  as  new  progressive  ones  evolved.  Some  vertebrates 
such  as  the  horse  and  the  elephant  have  a  long  fossil  history.  It  is 
possible  to  trace  their  gradual  development. 

Classification. — The  fact  that  the  millions  of  present-day  animals 
and  plants  can  be  logically  classified  gives  ample  evidence  that  they  are 
related.  Species  are  grouped  into  genera,  genera  into  families,  families 
into  orders,  and  orders  into  phyla.  From  the  seeming  chaos  of  animal 
and  plant  forms,  order  may  be  established  by  a  recognition  of  common 
characters  and  descent. 

HOW  EVOLUTION  OCCURS 

As  each  generation  of  biologists  tried  to  explain  the  multiplicity 
of  species,  a  number  of  theories  developed  to  account  for  the  variation 
and  relationships  which  so  obviously  existed.  Even  after  Darwin  had 
successfully  demonstrated  that  evolution  was  the  key  to  species  forma- 
tion, the  necessity  of  explaining  how  variations  arose  and  how  they 
were  ultimately  translated  into  new  species  remained.  Even  today  bi- 
ologists still  work  on  this  problem  and  the  final  explanation  has  not 
been  achieved. 
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The  Inheritance  of  Acquired  Characters. — Only  recently  has 
the  founder  of  this  theory,  Lamarck,  gained  the  recognition  which  he 
deserves  as  a  biologist.  Lamarck  lived  in  France  from  1744  to  1829 
and  began  his  career  as  a  botanist.  At  the  age  of  50,  he  became  a 
zoologist,  and  it  was  during  this  latter  period  that  he  did  his  best  known 
work.  During  his  studies,  Lamarck  saw  that  species  varied  with  the 
changing  environment,  that  there  are  evident  relationships  among  dif- 
ferent species,  and  finally  that  species  develop  progressively.  All  these 
conclusions  are  well  founded,  but  unfortunately  Lamarck's  contempo- 
raries held  him  in  contempt  as  a  scientist.  In  part  this  was  due  to 
his  unfortunate  manner  of  writing  and  in  part  to  the  active  opposi- 
tion of  certain  important  scientists.  Lamarck  sought  an  explanation  of 
these  facts  which  he  observed,  and  in  so  doing  he  developed  his  theory 
of  the  inheritance  of  acquired  characters. 

According  to  this  theory,  environmental  conditions  affecting  an  ani- 
mal produce  changes  which  are  transmitted  to  the  offspring.  One 
classical  example  is  the  long-necked  giraffe.  It  was  presumed  that  some 
deerlike  creature,  tiring  of  feeding  on  herbage,  started  reaching  for 
leaves  on  trees.  This  continuously  stretched  the  neck,  and  after  a  num- 
ber of  generations  long-necked  animals  were  produced.  Other  ex- 
amples were  cited ;  among  them  were  the  blind  animals  of  caves. 
Through  generations  of  not  using  eyes  in  the  Stygian  blackness  of  the 
caves,  the  eyes  supposedly  were  gradually  lost.  This  principle  has 
often  been  called  the  Law  of  Use  and  Disuse  for  the  above-stated  reasons. 

This  theory  was  adhered  to  by  Erasmus  Darwin,  and  perhaps  it 
was  through  him  that  Charles  Darwin  considered  that  this  theory  was 
probably  valid,  though  with  reservations. 

It  is  now  known  that  the  theory  of  inheritance  of  acquired  charac- 
teristics as  proposed  by  Lamarck  is  incorrect.  There  are  many  ex- 
periments which  definitely  show  the  lack  of  validity  of  this  theory. 
For  example,  the  Chinese  bound  the  feet  of  women  for  many  genera- 
tions, but  the  feet  never  became  small  and  disfigured.  The  Ubangi 
have  stretched  the  lips  of  women ;  nevertheless  girl  babies  still  are 
born  with  normal  lips.  Under  more  controlled  conditions,  the  tails 
of  generations  of  rats  have  been  cut  off,  still  the  rats  have  long  tails 
at  birth.  These  experiments  show  that  Lamarck's  explanation  was 
incorrect ;  however,  the  question  of  the  inheritance  of  acquired  charac- 
teristics is  still  an  intriguing  one,  and  has  never  been  completely  ruled 
out.  With  the  recent  work  on  environmental  influence  on  the  plasma- 
genes  of  cytoplasm,  this  theory  is  again  being  discussed. 
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Darwin's  Theory. — Darwin's  The  Origin  of  Species  brought  evo- 
lution to  the  attention  of  the  public.  In  it  his  carefully  documented 
proofs  established  evolution  as  an  explanation  of  the  observable  variety 
of  living  materials.  As  a  result  of  his  long  voyage  in  which  he  saw 
so  many  plants  and  animals,  and  as  a  result  of  his  extensive  reading 
of  Lyell's  Geology  and  Malthus's  Essay  on  Populations,  he  developed 
his  theory  of  the  origin  of  species. 

Darwin's  essential  ideas  were  that  in  all  animals  both  "complex 
organs  and  instincts"  varied  in  their  degree  of  perfection.  Since  all 
animals  reproduce  in  excess  to  the  ability  of  the  environment  to  sup- 
port them,  the  vast  majority  of  individuals  will  not  live  to  reproduce. 
Due  to  this  "struggle  for  existence,"  those  individuals  with  the  most 
favored  variations  will  survive.  Thus  by  natural  selection,  new  species 
gradually  come  into  being.  If  the  environment  changes,  migration 
occurs,  or  new  favorable  variations  develop  and  other  species  are 
formed. 

While  there  is  a  great  deal  of  truth  to  Darwin's  analysis,  there  are 
certain  facts  which  are  difficult  to  reconcile  to  his  views.  Many  varia- 
tions seem  to  have  little  survival  value  and  yet  are  passed  onto  succeed- 
ing generations.  Also  many  studies  have  shown  that  certain  characters 
change  by  "jumps"  rather  than  gradually.  Despite  these  objections,  it 
is  undoubtedly  true  that  the  struggle  for  existence  does  play  an  im- 
portant role  in  species  formation.  It  may  well  be  that  many  variations 
which  seem  of  no  value  actually  are  when  studied  from  different  points 
of  view.  "Survival  of  the  Fittest"  as  this  theory  has  been  termed 
must  occupy  an  important  place  in  evolutionary  thinking. 

While  Darwin  saw  and  recognized  the  importance  of  variations 
he  was  at  a  loss  to  account  for  their  manner  of  occurrence  and  further 
for  their  mode  of  transmission  to  offspring.  Though  at  this  same  time, 
Mendel  was  cultivating  his  peas  and  providing  the  basis  for  later  under- 
standing of  Darwin's  variations,  Darwin  himself  knew  nothing  of  this 
important  work.  Following  Lamarck  and  his  grandfather  Erasmus, 
Darwin  emphasized  the  importance  of  acquired  characteristics.  He  be- 
lieved that  use  and  disuse  furnished  the  basis  of  many  variations.  Then 
he  reasoned  that  these  caused  the  body  to  produce  substances  which 
he  termed  "pangenes."  These  were  carried  by  the  blood  and  influenced 
the  germ  plasm  which  then  affected  the  offspring.  While  considering 
the  importance  of  acquired  characters,  Darwin  also  decided  that  many 
variations  must  be  spontaneous.     Ingenious  as  was  his  theory  of  the 
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pangene,  it  cannot  be  considered  even  plausible  in  the  light  of  later 
genetical  discoveries. 

Neo-Darwinism. — Since  Darwin's  time,  there  has  been  no  lessen- 
ing of  the  interest  in  the  manner  in  which  evolution  has  occurred.  In 
fact  it  has  been  pointed  out  that  nearly  all  biological  research  is  di- 
rected toward  an  explanation  of  this  very  fact.  The  most  widely  held 
present-day  theory  of  evolution  incorporates  many  of  Darwin's  ideas 
into  a  framework  of  genetics. 

This  theory,  termed  Neo-Darwinism,  regards  the  breeding  popula- 
tion as  the  unit  of  study  rather  than  the  individual  animal  or  plant. 
The  population  is  regarded  as  having  a  "pool"  of  genes  which  are  con- 
tinually being  combined  and  recombined.  Each  individual  thus  is  only 
an  expression  of  one  of  many  possible  gene  combinations.  In  this  way 
there  is  constant  variation  among  the  progeny.  Further  variation  is 
made  possible  by  the  fact  that  mutations  are  constantly  arising.  While 
most  of  these  mutations  will  be  unfavorable  and  have  little  or  no  sur- 
vival value,  some  few  may  be  retained  in  the  "pool"  to  be  passed  on  to 
succeeding  generations.  If  no  part  of  the  population  becomes  isolated 
from  any  other,  no  new  forms  can  develop  and  there  will  be  relative 
homogeneity.  While  a  single  individual  may  look  quite  different  from 
others,  the  next  generation  will  reshuffle  the  genes  and  the  aberrant 
form  will  not  be  perpetuated. 

According  to  this  theory,  these  variations  can  become  new  forms 
only  if  isolation  occurs.  If  a  single  breeding  population  in  some  way 
becomes  divided  into  a  series  of  populations,  each  of  these  resulting 
groups  will  then  have  its  own  pool  of  genes.  Under  possibly  new  and 
dififerent  environmental  conditions,  these  populations  will  gradually 
become  less  similar  in  appearance.  At  first  the  differences  will  be  only 
slight,  and  the  populations  might  be  termed  subspecies.  With  longer 
isolation,  the  differences  become  more  pronounced,  subspecies  become 
species,  and  species  become  new  genera. 

Isolation  may  be  of  many  types.  The  most  common  is  spatial, 
resulting  from  migration,  extension  of  range,  and  geological  or  climatic 
changes.  Other  isolating  mechanisms  are  food  preferences,  seasonal 
appearance,  abundance  or  differing  habits. 

The  leopard  frog,  Rana  pipiens,  illustrates  some  of  the  principles 
here  involved.  This  frog  has  a  wide  distribution  from  Canada  south  to 
Panama.  Throughout  this  extensive  range  the  animals  are  quite  simi- 
lar in  appearance,  but  nonetheless  animals  from  widely  separated  parts 
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of  the  range  cannot  successfully  breed.  The  fertilized  eggs  will  begin 
development,  but  will  soon  die.  This  is  due  to  the  fact  that  the  normal 
rate  of  development  varies  greatly  among  the  individuals  of  different 
parts  of  the  range.  Thus  there  is  physiological  incompatibility  and 
development  is  impossible.  This  difference  is  related  to  differences  in 
the  environmental  conditions :  frogs  from  northern  areas  develop 
more  rapidly  than  do  those  from  southern  ones.  This  same  incompati- 
bility can  be  noted  in  the  vertical  distribution  of  R.  pipiens  in  moun- 
tainous areas. 

Possibly  the  various  populations  of  R.  pipiens  represent  incipient 
species  which  have  been  separated  long  enough  from  one  another  to 
develop  important  physiological  differences,  but  not  long  enough  to 
become  discrete  species. 

Criticisms  of  Neo-Darwinism. — While  Neo-Darwinism  seems  a 
very  logical  explanation  of  evolution,  one  which  even  reconciles  the 
somewhat  diverging  evidence  of  genetics  and  Darwinian  evolution, 
it  has  been  criticized  by  some  geneticists.  These  scientists,  Goldschmidt 
in  particular,  have  pointed  out  that  no  one  has  seen  a  clear-cut  species 
arise  in  this  manner,  and,  further,  the  higher  categories  (phyla,  etc.) 
seem  to  be  widely  separated  from  one  another.  If  Neo-Darwinism  is 
correct,  there  should  be  transitional  forms  between  any  two  categories. 
If  these  are  not  living  today,  they  should  at  least  be  in  the  fossil  record. 
Moreover,  Goldschmidt  points  out  that  any  radical  change  in  an  animal's 
mode  of  living  such  as  flying,  swimming,  etc.,  requires  that  many  changes 
be  made  simultaneously. 

He  suggests  an  alternative  explanation :  evolution  at  least  of 
the  higher  categories  occurs  by  "jumps"  which  must  involve  whole 
chromosomal  rearrangeeients  rather  than  single  genes.  Further,  he 
points  out  that  in  any  population  very  aberrant  forms  are  constantly 
occurring.  Most  of  these  "monsters"  die,  but  a  few  "hopeful  ones" 
survive  to  perpetuate  themselves.  This  is  in  contrast  to  Neo-Darwinism 
which  believes  that  changes  begin  at  the  subspecies  level  and  gradually 
progress  to  the  higher  ones.  Here  the  changes  occur  abruptly  at  the 
higher  levels  and  gradually  appear  at  the  lower  ones. 

The  Neo-Darwinists  answer  these  objections  by  pointing  out  that  it 
takes  a  long  time  for  species  to  arise  and  that  genetics  is  a  relatively 
young  science.  There  has  not  been  suf^cient  time  to  observe  the  pro- 
duction of  new  species.  Furthermore,  domestic  animal  breeders  have 
developed  forms  which  bear  little  or  no  resemblance  to  their  ancestors. 


330  Cell  as  Basis  oj  Organic  Activity 

Also  they  can  counter  by  pointing  out  that  no  one  has  seen  a  "hope- 
ful monster"  develop  into  a  new  phylum.  They  say  that  the  gaps  in 
the  geological  record  are  largely  due  to  our  incomplete  knowledge  and 
the  poor  preservation  of  most  forms.  Answering  the  criticism  that  any 
major  change  involves  many  individual  characters  is  likewise  simple. 
Changes  occur  which  have  little  value  in  themselves,  but  which  later 
accumulate  to  make  possible  a  new  mode  of  life.  The  reptiles  thus  show 
many  characters  such  as  a  metanephric  kidney  and  the  beginnings  of  a 
four-chambered  heart  which  are  not  essential  to  them  but  are  abso- 
lutely essential  to  their  homoiothermic  descendants,  the  birds  and  mam- 
mals. Such  a  condition  is  known  as  preadaptation,  and  many  examples 
can  be  cited. 

The  true  explanation  of  the  mechanism  of  evolution  still  remains  to 
be  discovered.  Perhaps  the  truth  lies  midway  between  these  opposing 
schools  of  thought.  Certainly  in  all  our  thinking  it  must  be  realized 
that  there  has  been  time  enough  to  make  all  things  possible. 

ORTHOGENESIS  AND  THE  HISTORY  OF  THE  HORSE 

During  the  latter  part  of  the  nineteenth  century,  a  number  of  im- 
portant evolutionary  generalizations  were  formulated.  Some  few  of 
these  "laws"  have  withstood  the  test  of  additional  evidence,  while  others 
proved  useful  only  to  stimulate  further  work.  One  of  these  latter  prin- 
ciples was  that  known  as  orthogenesis.  This  principle  stated  that  many 
characters  developed  not  at  random  but  in  a  direct  line  of  progress.  Im- 
pressed by  meager  fossil  evidence,  some  biologists  believed  that  develop- 
ment kept  on  a  predestined  course,  to  its  ultimate  conclusion.  This, 
they  reasoned,  must  be  controlled  by  something  within  the  organism  it- 
self which  determined  the  direction.  Evidence  which  was  believed 
conclusive  was  the  development  of  the  horse's  hoof,  the  development 
of  antlers  as  shown  by  the  Irish  elk,  and  the  excessive  development  of 
the  canine  teeth  of  the  saber-toothed  tiger.  These  latter  two  animals, 
particularly,  were  believed  to  illustrate  the  ultimate  in  straight-line  evo- 
lution. Each  developed  a  particular  character  to  the  extreme,  and  then 
supposedly  this  character  was  so  overdeveloped  that  the  animal  was 
doomed  to  extinction.  More  probable  is  that  their  extinction  was  due  to 
changes  in  climate  or  competition  from  more  efficient  animals. 

While  the  development  of  the  horse  seemed  at  first  to  be  the 
most  convincing  evidence  for  orthogenesis,  later  study  revealed  that 
the  horse  presented  some  of  the  best  evidence  against  such  a  theor}'. 
At  every  stage  of  development,  there  were  many  side  lines   showing 
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variations  in  all  possible  directions.  Most  of  these  lines  died  out  while 
only  a  few  of  the  more  successful  ones  survived.  Ultimately  these 
latter  ones  gave  rise  to  the  modern  horse. 

The  Evolution  of  the  Horse. — The  evolution  of  the  horse  has 
been  more  carefully  worked  out  than  that  of  any  other  comparable  ver- 
tebrate. Although  no  other  animal  has  gone  through  exactly  the  same 
sort  of  evolution,  it  does  tend  to  indicate  the  means  by  which  evolu- 
tion works. 

In  general,  the  evolution  of  the  horse  has  resulted  in  increased  size, 
a  reduction  in  the  number  of  toes,  and  a  change  in  the  form  of  the  teeth 
from  low  ones  to  high,  cement-covered  teeth  with  complex  folds  of 
enamel.  These  changes  did  not  appear  all  at  once;  in  fact  there  were 
times  when  the  animals  barely  changed  from  one  form  to  another. 
Nevertheless,  the  resulting  over-all  picture  shows  these  tendencies.  The 
changes  are  best  shown  by  a  brief  characterization  of  some  of  the  better 
known  fossil  forms. 

Eohippus. — The  first  known  horse,  Eohippiis  {Hyracotherium), 
lived  during  the  lower  Eocene.  Although  there  are  some  fossils  of 
Eohippus  in  Europe,  they  are  most  commonly  found  in  northern  Wy- 
oming and  northwestern  New  Mexico.  To  judge  from  the  number  of 
fossils,  it  would  appear  that  Eohippus  was  a  highly  successful,  abundant 
form.  It  was  a  small  animal,  varying  in  size  from  about  10  to  20  inches 
in  height  at  the  shoulder.  The  back  was  quite  arched  and  flexible, 
in  contrast  to  the  straight  back  of  the  modern  horses.  The  front  foot 
had  four  toes,  each  of  which  terminated  in  a  tiny  hoof.  Primitively 
there  must  have  been  five  toes,  and  the  four  present  on  Eohippus  repre- 
sented the  second  to  fifth  ones.  The  rear  feet  each  had  but  three  func- 
tional toes,  with  the  third  being  the  largest,  the  second  and  fourth 
smaller,  and  the  first  and  fifth  missing.  These  toes  were  provided  with 
doglike  pads  rather  than  hooves.  The  skull  was  quite  unlike  that  of 
modern  horses,  and  the  brain  was  very  small. 

Eohippus  had  the  primitive  mammalian  number  of  teeth,  that  is, 
44.  Interestingly  enough  it  showed  the  tendency  toward  the  double 
type  of  teeth  so  familiar  in  modern  horses,  that  is,  the  front  ones  for 
nipping  and  the  back  ones  for  crushing  and  grinding.  The  rear  teeth 
were  already  showing  some  enlargement;  thus,  apparently,  Eohippus 
was  herbivorous.  However,  the  teeth  were  not  so  well  equipped  with 
enamel  that  the  animals  could  possibly  have  fed  on  grasses,  rather  they 
fed  on  succulent  leaves. 
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Fig    105.— The   main  lines  of  horse  descent  and   relationship.      (From   Horses   by 
George  Gaylord  Simpson.    Copyright,  1951,  by  Oxford  University  Press,  Inc.) 
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Mesohippus. — Mesohippus,  the  first  three-toed  horse,  lived  during 
the  early  and  middle  Oligocene.  Numerous  fossils  of  this  form  are 
found  in  the  Badlands  of  South  Dakota.  Mesohippus  would  look  much 
more  familiar  than  Eohippus  inasmuch  as  it  looked  almost  like  a  minia- 
ture horse.  This  appearance,  however,  was  only  superficial,  for  it  had 
innumerable  differences. 

Mesohippus  integrated  almost  imperceptibly  with  another  horse  of 
the  Oligocene,  Miohippus.  This  latter  lived  into  the  early  Miocene. 
Following  this  period,  many  diverging  lines  developed,  making  for 
numerous  complications  in  the  history  of  the  modern  horse. 

Anchitherium  which  first  appeared  in  North  America  soon  mi- 
grated to  the  Old  World  where  it  became  very  abundant.  Another 
horse,  closely  related  to  Anchitherium  remained  in  America  to  give  rise 
to  a  form  known  as  Hypohippus.  Hypohippus  was  larger  than  Anchithe- 
rium and  it  gave  rise  to  others  which  have  died  out.  All  of  these  were 
off  the  main  line  of  evolution  to  the  modern  horse,  but  should  be 
mentioned. 

Merychippus. — Coincident  with  the  evolution  of  grasses  in  our 
plains  areas  was  the  evolution  of  horses  suited  to  graze  upon  them. 
The  first  of  the  horses  with  dentition  suitable  for  grinding  the  abrasive 
grasses  was  Merychippns  which  lived  during  the  Miocene. 

The  teeth  of  this  form  were  still  low,  but  much  higher  than  those 
of  its  predecessors ;  further,  they  were  supplied  with  cement.  Changes 
also  occurred  in  other  parts  of  the  body.  For  instance,  there  was  an 
increase  in  size,  with  some  forms  reaching  the  height  of  a  small  pony, 
and  the  skull  became  very  similar  to  that  of  the  modern  horse.  Also 
the  proportions  of  the  legs  were  quite  like  those  of  modern  Equiis. 

The  feet  of  Merychippns  still  had  three  toes,  but  in  more  advanced 
forms,  the  side  toes  were  decreasing  in  size.  The  central  toes  which 
carried  the  main  weight  of  the  body  ended  in  a  large  convex  hoof. 

Following  Merychippns,  six  lines  developed.  The  most  important 
of  these  was  that  resulting  in  Pliohippus  of  the  late  Miocene. 

Pliohippus.— F//o/i//>/'».y  is  the  first  one-toed  horse  having  the 
second  and  fourth  toes  represented  only  by  splints.  The  teeth  were 
much  higher  than  those  of  Merychippns..  In  most  details,  Pliohippus 
was  very  like  modern  Equus. 

Equus. — The  earliest  specimens  of  modern  horses  probably  arose 
at  the  end  of  the  Pliocene  from  an  advanced  type  of  Pliohippus.     Its 
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Fig.  106. — The  evolution  of  the  forefoot  of  the  horse.  The  oldest  stages  are 
below.  Drawings  are  not  to  scale.  (From  Horses  by  George  Gay  lord  Simpson. 
Copyright,  1951,  by  Oxford  University  Press,  Inc.) 
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exact  spot  of  origin  is  not  fully  known,  although  some  maintain  it  must 
have  been  North  America.  They  base  this  conclusion  chiefly  on  the 
fact  that  the  greater  part  of  the  evolution  of  the  horse  did  occur  on  this 
continent.  Wherever  it  did  arise,  Equus  soon  had  migrated  throughout 
Europe,  Asia,  Africa  and  all  parts  of  North  America.  One  major  mys- 
tery— probably  never  to  be  solved — is  what  happened  to  the  horses  in 
North  America  ?  At  the  time  of  the  arrival  of  the  first  white  men  there 
was  none.    Thus  the  horse  had  to  be  reintroduced  to  the  land  of  its  origin. 

SOME  SPECIAL  ASPECTS  OF  EVOLUTION 

It  has  been  emphasized  repeatedly  in  this  discussion  that  varia- 
tion within  a  population  occurs  in  all  possible  directions.  Many  of 
these  variations  naturally  are  doomed  to  extinction  while  others  have  a 
high  survival  value.  Often  the  examination  of  some  animal  reveals 
characters  that  are  extreme  in  their  adaptation  to  an  unusual  situation. 
At  times  such  adaptations  are  very  similar  to  those  found  in  the  ani- 
mals of  a  totally  unrelated  phylum.  These  characters  can  be  either 
of  structure  or  of  habit. 

Convergence. — The  random  variations  of  characters  are  of  value 
to  the  individual  only  as  they  allow  for  successful  survival  in  any  one 
environment ;  thus  the  environment  is  of  great  importance  in  determin- 
ing the  direction  of  evolution.  This  is  clearly  demonstrated  by  the  fact 
that  animals  living  in  a  single  environment  often  tend  to  have  like 
characteristics  even  though  they  may  belong  to  completely  unrelated 
phyla.    Such  development  is  termed  convergence. 

Innumerable  examples  of  convergence  may  be  cited.  Animals 
dwelling  within  caves  usually  are  without  or  have  only  reduced  eyes 
and  are  white  in  color.  These  characters  can  be  seen  in  fish,  insects, 
spiders,  and  crustaceans.  Obviously  such  characters  did  not  have  com- 
mon origins,  but  were  independently  achieved.  Such  characters  un- 
doubtedly appear  as  mutations  in  populations  outside  the  cave,  but 
inasmuch  as  the  animals  would  not  survive  competition,  they  would 
not  become  part  of  the  breeding  population.  Such  a  mutation  would 
thus  be  lost.  In  the  cave,  however,  color  is  of  no  importance  and 
eyes  are  useless. 

Remarkable  convergence  also  occurs  among  aquatic  vertebrates. 
Streamlining  resulting  in  a  torpedo-shaped  body  is  found  in  several 
different  classes.     These   include   most  fish,   the   now-extinct   reptilian 
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ichthyosaurs,  and  the  mammalian  whales,  dolphins,  and  porpoises.    To 
a  lesser  degree,   streamlining  is  seen  among  some  diving  birds   and 

seals. 

Nowhere  are  the  contrasting  principles  of  divergence  and  con- 
vergence more  clearly  illustrated  than  in  the  parallel  evolution  of  the 
Australian  marsupials  (mammals  carrying  their  young  in  a  pouch)  and 
the  placentals  of  other  continents.  In  both  cases  there  has  been  tre- 
mendous divergence,  resulting  in  animals  fitted  for  the  occupation  of  all 
habitats.  There  are  both  marsupial  and  placental  wolves,  marsupial  and 
placental  moles,  and  marsupial  and  placental  cats.  The  flying  squirrel 
has  its  counterpart  in  the  marsupial  phalanger.  Those  forms  occupying 
similar  habitats  thus  show  remarkable  likeness  of  form  and  habit. 

Mimicry  and  Protective  Coloration. — At  times  the  success  of 
an  animal  in  any  particular  environment  is  due  to  some  rather  peculiar 
adaptations.  Protective  coloration  and  mimicry  are  examples  of  some 
of  these  types. 

Finding  an  animal  in  his  natural  surroundings  is  often  extremely 
difficult.  A  tiger  in  the  zoo  is  a  conspicuous  creature,  but  in  his  native 
habitat,  his  stripes  blend  into  the  broken  shadows.  Among  smaller  ani- 
mals, this  resemblance  to  background  is  at  times  startling.  The  horned 
lizard  with  his  spiny  skin  looks  like  a  flattened  stone  buried  in  the  dust. 
Among  insects,  such  animals  as  the  walking  stick  not  only  look  like 
a  dead  stick  but  even  orient  their  bodies  in  a  sticklike  manner.  Many 
caterpillars  look  like  dead  bits  of  leaves.  Some  spiders  look  like 
thorns,  and  a  few  resemble  bird  droppings.  A  few  butterflies  when 
at  rest  resemble  leaves  so  closely  that  even  the  pattern  of  the  leaf 
veins  is  visible.  In  fact  it  can  be  stated  that  with  but  few  exceptions 
an  animal  has  little  chance  of  survival  unless  it  does  in  some  manner 
blend  into  the  background  in  which  it  lives.  Exception  to  this  is  dem- 
onstrated by  an  animal  such  as  the  skunk  which  has  a  conspicuous 
warning  coloration ;  this  serves  to  drive  away  would-be  predators. 

Further  development  of  this  concealing  pattern  is  found  in  some 
animals  that  mimic  or  resemble  other  forms.  The  most  familiar  ex- 
ample of  this  is  the  viceroy  butterfly  which  closely  resembles  the  mon- 
arch. The  conspicuous  monarch  has  been  shown  to  be  distasteful  to 
birds,  and  perhaps  the  tastier  viceroy  gains  immunity  from  predators 
by  its  resemblance.  Many  kinds  of  insects  and  spiders  live  in  ant 
colonies.  This  gives  them  protection  and  also  a  ready  food  supply. 
Many  of  these  strange  forms  known  as  myrmecophiles  resemble  their 
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hosts  rather  closely.  Inasmuch  as  ants  are  very  sensitive  to  odors  and 
textures,  the  resemblance  of  these  often  unwanted  and  even  destructive 
guests  must  be  even  greater  than  appearance  alone. 

The  development  of  these  most  unusual  resemblances  is  difficult  to 
explain.  It  can  only  be  conjectured  that  random  mutations  and  the 
environmental  selection  have  favored  their  development.  Again  it  must 
be  emphasized  that  there  has  been  sufficient  time  for  even  these  im- 
probable resemblances  to  develop. 

THE  DISTRIBUTION  OF  ANIMALS 

Lyell,  the  Scottish  geologist,  was  the  first  to  point  out  that  the 
present-day  distribution  of  animals  is  the  result  of  past  geological 
history.  This  concept  impressed  Darwin  and  was  one  of  the  important 
influences  affecting  the  later  development  of  his  theories.  The  truth 
of  Lyell's  theory  has  been  shown  repeatedly  as  knowledge  of  the  dis- 
tribution of  plants  and  animals  has  increased  and  as  paleontological  ma- 
terial has  accumulated. 

It  is  now  recognized  that  animal  groups  originate  in  definite  cen- 
ters. Due  to  population  pressures  and  competition  for  food,  the  more 
vigorous  individuals  or  forms  tend  to  spread  out  from  the  periphery  in 
all  directions.  This  spread  continues  until  stopped  by  some  physical 
or  other  barrier. 

Migration. — From  evidence  of  both  geological  and  present  dis- 
tribution, it  is  clear  that  certain  definite  migration  routes  have  been 
favored  in  the  spread  of  animals  and  plants  to  other  regions.  One  of 
these  much  used  routes  was  that  across  the  Bering  Strait.  This  has 
resulted  in  a  strong  similarity  between  the  animals  and  plants  of 
northern  Eurasia  and  North  America.  Another  important  pathway  was 
that  through  Central  America.  Through  this  corridor  groups  originat- 
ing in  North  America  spread  into  South  America,  and  some  few  forms 
spread  in  the  opposite  direction.  These  pathways  were  not  open  through 
all  geological  eras.  The  Central  American  one  closed  and  opened  many 
times,  influencing  the  present-day  distribution  of  many  different  forms. 

Barriers. — Any  vigorous  animal  will  spread  until  some  barrier 
impedes  further  migration.  These  barriers  may  be  of  several  types. 
Often  they  are  actually  physical  ones  such  as  bodies  of  water,  mountains, 
and  deserts.  Physiological  barriers  such  as  unfavorable  temperatures 
or  humidity   relationships   may   exist.      Again   it   may   be   competition 
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from  more  vigorous  forms  or  the  fact  that  their  particular  position  in 
the  habitat  is  already  occupied.  The  lack  of  some  one  food  or  the 
presence  of  a  parasite  may  also  prevent  further  spread  of  any  form. 

Isolation. — Once  any  group  of  animals  has  spread  into  a  new 
area,  it  may  become  isolated  by  some  barrier  such  as  those  mentioned 
above.  In  such  a  case,  it  will  proceed  to  evolve  in  a  manner  which 
may  be  quite  unlike  that  of  its  near  relatives  in  other  areas. 


TO  ALL  PARTS 
OF  OLD  WORLD 


/ 


THE  WANDERINGS  OF  HORSES 


Fig.  107. — The  migration  of  horses.  The  origin  of  the  horse  family  is  unknown, 
but  after  their  origin,  North  America  became  their  home.  From  here  they  spread 
periodically  to  other  parts  of  the  world  over  two  land  bridges:  the  Bering  Bridge 
and  the  Panama  Bridge.  (From  Horses  by  George  Gaylord  Simpson.  Copyright, 
1951,  by  Oxford  University  Press,  Inc.) 


(Continued  from  opposite  page.) 

is  an  isolated  species  of  Cocos  Island  finch.  The  ground  finches  are  mainly  seed- 
eaters;  9,  10,  and  11  are  large,  medium,  and  small  in  size;  12  is  sharp-beaked; 
13  and  14  are  cactus  eaters.  These  finches,  isolated  on  the  Galapagos  Islands 
(600  miles  west  of  Ecuador),  appear  to  be  derived  from  a  single  colonizing  form. 
They  still  bear  close  resemblance  to  one  another,  but  their  beaks  are  adapted  to 
different  diets.  This  indicates  a  method  by  which  new  species  may  arise  when  a 
single  form  is  isolated,  in  a  new  environment.  (From  the  Scientific  American, 
drawing  by  Eric  Mose,  in  article,  Darwin's  Finches  by  David  Lack.) 


Evolution 


339 


Fig.  108. — The  fourteen  species  of  Darwin's  finches  arranged  to  show  their 
evolutionary  development.  There  are  two  chief  groups,  the  ground  finches  of  the 
genus  Geospiza,  and  the  tree  finches  mainly  of  the  genus  Camarhynchus.  The 
ground  finches  are  the  more  primitive.  Of  the  tree  species,  i  is  a  woodpecker-lilie 
finch;  2  inhabits  mangrove  swamps  3,  4,  and  5  are  large,  medium,  and  small  in- 
sect-eating birds;  6  is  a  vegetarian;   7  is  a  single  species  of  warbler  finch;  and  8 

(Continued  on  opposite  page.) 
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An  extreme  example  of  isolation  is  that  illustrated  by  the  island 
continent  of  Australia  with  its  varied  marsupial  fauna.  The  mar- 
supials at  one  time  in  past  geological  ages  were  distributed  throughout 
most  portions  of  the  world.  When  Australia  and  South  America  were 
isolated,  the  marsupials  evolved  into  many  different  forms.  In  Aus- 
tralia, particularly,  they  radiated  into  all  possible  habitats;  in  South 
America,  they  occupied  all  niches  except  those  taken  by  the  placental 
herbivores.  When  South  America  was  again  opened  for  migration,  the 
placental  carnivores  flooded  in  and  eliminated  the  marsupial  carnivores. 
Such  a  migration  was  impossible  in  Australia,  and  the  marsupials  con- 
tinued their  unique  development. 

The  present-day  fauna  of  many  oceanic  islands  gives  further  illus- 
tration of  the  effects  of  isolation.  Only  forms  capable  of  traversing  the 
great  distances  of  the  ocean  can  arrive  and  develop.  St.  Helena,  1,100 
miles  off  the  coast  of  Africa  and  1,800  miles  from  South  America,  has 
no  native  vertebrate  fauna,  but  possesses  129  species  of  beetles  of  which 
128  are  unique.  Islands  nearer  continents  often  have  species  closely 
related  to  the  neighboring  continent  but  of  a  unique  type.  Darwin's 
study  of  the  birds  of  the  Galapagos  Islands  illustrated  this.  At  times 
rather  bizarre  animals  develop  on  islands  due  to  the  lack  of  competitors. 
Thus  the  dodo  bird  developed  on  Mauritius  in  the  Indian  Ocean, 
only  to  be  exterminated  by  thoughtless  sailors.  It  was  a  huge  flightless 
bird  of  the  pigeon  family. 

Wallace's  Zoogeographic  Regions. — In  1859,  the  year  Darwin's 
great  work  appeared,  P,  L.  Sclater  attempted  to  divide  the  world  into 
zoological  regions  as  based  on  his  studies  of  perching  birds.  But  it  was 
Wallace  in  1876  who,  in  his  book  on  the  geographical  distribution  of 
animals,  divided  the  world  into  the  zoogeographical  regions  essentially 
as  they  are  known  today.  He  based  the  delineation  of  these  regions  on 
the  present-day  distribution  of  animals. 

These  regions  were  as  follows :  the  Nearctic  embracing  North 
America ;  the  Palaearctic  including  Europe,  North  Africa,  and  most 
of  Asia ;  the  Ethiopian  composed  of  the  portion  of  Africa  south  of  the 
Sahara ;  the  Oriental  consisting  of  India,  southeast  Asia,  and  the  west- 
ern portions  of  the  East  Indies ;  the  Australian  embracing  Australia, 
New  Guinea,  and  the  neighboring  islands ;  and  finally  the  Neotropical 
consisting  of  Central  and  South  America. 

The  present-day  classification  of  these  regions  has  been  but  little 
altered.    Present  workers  unite  the  Palaearctic  and  Nearctic  into  a  single 


Evolution        341 

region,  the  Holarctic ;  Madagascar  is  recognized  as  a  unique  region,  the 
Malagasy ;  and  the  Polynesian  and  Hawaiian  Islands  are  separated 
from  the  Australian  region.  All  the  areas  are  divided  into  three  major 
groupings  and  are  arranged  as  follows : 
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Fig.  109. — Map  of  the  world  showing  zoogeographical  regions.     (Base  map  modified 

from  map  by  A.  J.  Nystrom  and  Co.) 


THE  GEOLOGICAL  TIME  SCALE 

As  based  on  evidence  from  radioactive  materials,  the  age  of  the 
earth  is  usually  considered  to  be  approximately  3,000,000,000  years. 
Somewhere  in  that  almost  unimaginable  extent  of  time,  life  began  on 
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this  earth,  but  the  earHest  fossils  date  from  a  mere  900,000,000  years 
ago !  No  doubt  the  first  hving  forms  appeared  many  ages  before  that, 
but  left  no  traces. 

For  the  sake  of  convenience  in  discussion,  this  extent  of  time  is 
divided  into  eras,  which  in  turn  are  subdivided  into  divisions,  periods, 
and  epochs.  These  divisions  are  based  upon  the  characteristic  plants 
and  animals  and  major  geological  changes. 

The  best  method  for  understanding  the  manner  in  which  these 
periods  are  divided  is  to  examine  a  table  in  which  they  are  characterized. 


Geological  Time  Scale 
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EPOCHS  WITH 

AND  YEARS  OF 

NUMBER  OF 

ANIMAL  LIFE  ADVANCEMENTS 

DURATION 

YEARS  FROM 

PRESENT 

Quaternary 

Recent 

Civilized  man  develops;  modern  mammals. 

Pleistocene 

Disappearance  of  large  mammals;  primitive  man. 

(1,500,000) 

Cenozoic 

(60,000,000) 

Tertiary 

Pliocene 

Man  appears. 

Miocene 

Mammalian  development  at  its  height. 

Oligocene 

Rise  of  higher  mammals;  primitive  mammals  dis- 
appear, first  anthropoids. 

Eocene 

Modern  birds;  modern  orders  of  mammals. 

(60,000,000) 

Cretaceous 

Rise  of  primitive  mammals;  toothed  birds;  large 

(125,000,000) 

reptiles  specialize  and  then  die  out,  first 
snakes. 

Mesozoic 

Jurassic 

First  birds  and  giant  reptiles;  modern  sharks. 

(125,000,000) 

(157,000,000) 

Triassic 

First  mammals;  rise  of  reptiles;  bony  fish  abund- 

(185,000,000) 

ant. 
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Geological  Time  Scale — (Continued) 


ERAS 
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ANIMAL  LIFE  ADVANCEMENTS 

Permian 
(223,000,000) 

Rise  of  land  vertebrates;  primitive  reptiles; 
modern  insects;  last  of  ancient  marine  in- 
vertebrates. 

Paleozoic 
(368,000,000) 

Carboniferous 
Pennsylvanian 
Mississippian 

(309,000,000) 

Many  amphibians,  first  reptiles,  insects  common. 

Devonian 
(354,000,000) 

First  amphibians;  fish  dominate. 

Silurian 
(381,000,000) 

Lungfishes;  scorpions  and  spiders  (air  breathers); 
first  sharks. 

Ordovician 
(448,000,000) 

Corals,  echinoderms,  molluscs,  etc.;  first  verte- 
brates, the  ostracoderms. 

Cambrian 
(553,000,000) 

Many  invertebrate  groups;  trilobites,  brachio- 
pods,  etc. 

Proterozoic 
(900,000,000) 

(1,500,000,000) 

Soft-bodied  invertebrates:     worms,  sponges. 

Archeozoic 
(550,000,000) 

(2,000,000,000) 

No  fossils;  perhaps  unicellular  animals. 
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CHAPTER  19 

THE  ANIMAL  KINGDOM 


In  an  earlier  chapter,  emphasis  was  placed  on  the  tremendous 
variety  of  animal  forms.  From  the  single-celled  protozoans  to  the  many- 
celled  vertebrates  there  is  uncounted  variation  and  adaptation  of  the 
many  animals  to  the  innumerable  demands  of  the  varying  environments 
in  which  they  dwell.  In  spite  of  this  seemingly  endless  variety,  it  is 
possible  to  recognize  related  groups  of  animals.  In  fact,  it  is  possible 
to  distinguish  a  relatively  small  number  of  phyla.  While  the  animals 
within  each  phylum  vary  considerably,  they  do  have  many  characters 
in  common. 

The  various  phyla  are  separated  from  each  other  by  several  funda- 
mental characters,  the  combination  of  which  is  unique  to  each  phylum. 
The  most  important  of  these  distinguishing  characteristics  are  as  fol- 
lows : 

Cellular  Organization. — One  major  subkingdom  of  the  animal 
kingdom  is  composed  of  animals  which  consist  of  but  a  single  cell. 
These  are  the  protozoans.  All  the  life  processes  of  these  forms  are 
carried  on  within  a  single  cell  membrane.  While  in  this  subkingdom, 
cells  sometimes  mass  together  as  colonies,  there  is  no  differentiation 
among  the  vegetative  cells. 

Contrasting  with  the  protozoans  are  the  metazoans  which  are 
composed  of  many  cells  showing  both  histological  and  physiological  dif- 
ferentiation. Within  this  latter  group,  grades  of  organization  can  also 
be  recognized.  In  some  there  is  only  differentiation  of  tissues,  while 
in  most,  organs  and  organ  systems  are  found. 
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Symmetry. — The  arrangement  of  the  parts  of  an  organism  in 
relationship  to  one  another  is  known  as  symmetry.  In  some  forms  it 
is  impossible  to  divide  the  organism  into  equal  parts  by  planes ;  such 
organisms  may  be  said  to  be  asymmetrical.  Those  animals  having 
the  body  in  the  form  of  a  sphere,  with  the  parts  radiating  from  a  central 
point,  have  spherical  symmetry.  When  the  body  is  cylindrical  in  shape, 
with  the  parts  arranged  along  a  longitudinal  axis,  the  animal  is  said 
to  be  radially  symmetrical.  An  indefinite  number  of  planes  can  di- 
vide these  animals  into  equal  halves.  Biradial  symmetry  is  a  modifica- 
tion of  radial  symmetry.  In  it,  the  mouth  area  is  elongated  and  there 
are  but  two  possible  planes  of  symmetry.  The  type  of  symmetry  typical 
of  the  largest  number  of  animals  is  bilateral;  in  this,  the  two  sides  of 
the  body  are  mirror  images  of  one  another.  Only  one  plane  can  divide 
the  body  into  equal  and  identical  halves. 


ASYMMETRKAL 


Fig.  110. — Types  of  symmetry. 


Germ  Layers. — The  protozoans,  being  of  a  cellular  grade  of  con- 
struction, have  no  germ  layers.  All  of  the  metazoans,  except  the 
Mesozoa,  possess  embryonic  layers  of  tissues :  the  ectoderm,  mesoderm, 
and  entoderm.  These  are  variously  modified  in  the  adults.  At  the 
lowest  level,  the  mesoderm  consists  only  of  mesenchymal  cells  de- 
rived from  the  ectoderm.  It  is  not  differentiated  into  organs,  and  in 
some  instances  may  even  be  lacking.  Among  those  phyla  considered 
to  be  higher  in  their  development  than  the  coelenterates  and  the  cteno- 
phores,  the  mesoderm  is  derived  primarily  from  entodermal  material 
and  is  differentiated  into  organs  in  the  adults. 

Presence  of  a  Body  Cavity. — During  the  early  stages  of  em- 
bryology, the  I)lastula  has  a  large  central  cavity,  the  blastocoel.  After 
gastrulation,  the  entoderm  forms  the  primitive  digestive  tract  in  this 
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cavity  and  gradually  tends  to  reduce  the  size  of  the  blastocoel.  In  some 
animals,  the  embryonic  blastocoel  is  completely  obliterated  in  the  adult. 
In  these  animals,  the  digestive  cavity  is  the  only  cavity  present,  and 
these  animals  are  collectively  known  as  the  acoelomates.  In  other 
phyla  the  blastocoel  remains  as  a  space  between  the  body  wall  and  the 
digestive  tract.  This  cavity  is  termed  a  pseudocoeJ,  and  the  animals 
possessing  it  are  termed  pseudocoelomates.  Finally  there  are  those 
forms  in  which  a  true  body  cavity,  the  coelom,  lined  with  tissue  of 
mesodermal  origin  is  found.    These  are  the  coeJomate  animals. 

Metamerism. — Among  many  of  the  higher  animals,  there  is  a 
serial  repetition  of  organs.  This  is  usually  accompanied  by  externally 
visible  grooves  or  divisions.  This  segmentation  or  metamerism  is  most 
clearly  visible  in  some  of  the  annelid  worms  in  which  nearly  every 
segment  bears  paired  appendages.  Externally,  metamerism  is  not  so 
evident  among  the  vertebrates,  but  is  the  basis  of  construction.  It  can 
be  easily  seen  in  the  arrangement  of  some  of  the  body  muscles  and  in 
the  spinal  nerves. 

Organ  Systems. — Highly  specialized  organs  are  first  seen  in  the 
worm  groups,  and  are  present  in  all  forms  above  these.  The  character  of 
these  organs  often  is  characteristic  of  certain  of  the  phyla.  Of  particu- 
lar importance  in  this  regard  are  the  excretory  system,  the  nervous 
system,  and  the  circulatory  system. 

THE  PRINCIPAL  DIVISIONS  OF  THE  ANIMAL  KINGDOM 

Subkingdom  Protozoa.     Animals  consisting  of  but  a  single  cell,  or,  if  colonial, 
without  histological   differentiation. 

Phylum  Protozoa.  Animals  having  the  characteristics  of  the  subking- 
dom. 

Subkingdom  Metazoa.     Animals  possessing  many  cells  and  having  histological 
differentiation. 

Branch  A.  Mesozoa.  Cellular  animals  consisting  of  an  outer  cell  layer 
enclosing  some  reproductive  cells.  Endoparasites  of  many  inverte- 
brates. 

Phylum   Mesozoa.      Animals   having   the    characteristics    of   the 
branch. 
Branch  B.     Parazoa.     Animals  of  a  cellular  grade  of  construction  with- 
out organ  systems,  with  the  beginning  of  tissue  formation,  and  with 
internal  cavities  lined  with  flagellated  cells. 

Phylum    Porifera.      Animals    having    the    characteristics    of   the 
branch.    Example :   sponges. 
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Branch  C.  Eumetazoa.  Animals  of  tissue  or  organ  grade  of  construc- 
tion. 

Grade  1.  Radiata.  Animals  with  primarily  radial  symmetry.  Mesoderm 
primarily  of  ectodermal  origin ;  digestive  cavity  the  only  cavity  of 
the  body,  without  organs. 

Phylum   Coelenterata   or   Cnidaria.      Mostly   with   radial    sym- 
metry and  with  stinging  cells,  the  nematocysts.     Examples : 
hydra,  jellyfish,  corals. 
Phylum   Ctenophora.      Animals    with   biradial    symmetry,    with- 
out stinging  cells.    Example:  comb  jellies. 

Grade  2.  Bilateria.  Animals  with  bilateral  symmetry  or  secondarily 
acquired  radial  symmetry,  of  organ  grade  of  construction,  meso- 
derm derived  from  entoderm. 

Acoelomate  animals. 

Phylum  Platyhelminthes.  Flattened  worms  without  anus.  Ex- 
amples :  planaria,  flukes,  tapeworms. 

Phylum  Nemertina.  Usually  elongated  worms,  with  anus  and  ever- 
sible  proboscis.    Example  :  nemertean  worms. 

Pseudocoeloniate  animals. 

Phylum  Nemathelminthes.  Aquatic,  terrestrial,  or  parasitic  worms 
possessing  cylindrical  bodies;  often  with  bristles  but  devoid 
of  cilia.     Example :   roundworms  or  nematodes. 

Phylum  Rotifera.  Anterior  end  of  body  bearing  a  ciliated  wheel-like 
organ,  the  corona.  Pharynx  with  internal  jaws.  Example :  the 
rotifers  or  wheel  animalcules. 

Phylum  Gastrotricha.  Pharynx  without  jaws,  cilia  present  in  some 
areas,  with  adhesive  tubes.    Example  :  gastrotrichs. 

Phylum  Kinorhyncha.  Without  cilia,  but  provided  with  spines,  an- 
terior end  can  be  withdrawn ;  superficially  the  body  appears  seg- 
mented.   Example :  kinorhynchids. 

Phylum  Nematomorpha.  Cylindrical  animals,  ends  of  digestive 
tract  degenerate  in  adults,  free-living  adult,  and  parasitic  larva. 
Example :  hair  worms. 

Phylum  Acanthocephala.  Parasitic  animals  without  a  digestive 
tract,  with  an  anterior  proboscis  bearing  hooks.  Example : 
thorny-headed  worms. 

Phylum  Entoprocta.  Animals  with  looped  intestine  which  opens 
near  the  mouth ;  anus  and  mouth  surrounded  by  ciliated  ten- 
tacles.   Example :  moss  animals. 

Phylum  Priapulida.  Warty  animals  with  a  superficially  segmented 
trunk.    Example :  priapulids. 
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Coelomate  animals. 

Phylum  Annelida.  Segmented  worms,  usually  with  appendages  on 
most  segments.     Examples :  sand  worm,  earthworms. 

Phylum  Echiuroidea.  Mouth  ventral,  with  noneversible  proboscis. 
Example :  Echiurus  sp. 

Phylum  Sipunculoidea.  Wormlike  forms  with  dorsal  anus  and 
eversible  proboscis.     Example,  sipunculids,  peanut  worms. 

Phylum  Mollusca.  Animals  with  mantle  which  secretes  shell ; 
mantel  surrounds  visceral  mass,  with  reduced  coelom.  Ex- 
amples :  clams,  octopuses,  squids,  snails. 

Phylum  Bryozoa  or  Polyzoa.  Colonial  animals,  with  looped  in- 
testine having  anus  near  mouth,  coiled  ridge  with  ciliated  ten- 
tacles  (the  lophophore)    present.     Example:  moss  animals. 

Phylum  Brachiopoda.  With  bivalve  shell  having  lophophore  and 
looped  intestine.     Example :    lamp   shells. 

Phylum  Phoronida.  Wormlike  forms  having  lophophore  and  looped 
intestine.    Example :  phoronids. 

Phylum  Arthropoda.  Segmented  animals  with  jointed  appendages 
and  chitinized  exoskeleton.  Examples :  insects,  arachnids,  crus- 
taceans, etc. 

Phylum  Echinodermata.  Adults  with  secondarily  acquired  radial 
symmetry,  endoskeleton  formed  of  plates,  with  water  vascular 
system.    Examples  :  starfishes,  sea  urchins. 

Phylum  Chaetognatha.  Transparent  wormlike  animals  with  pointed 
anterior    end.      Example :    arrow    worms. 

Phylum  Enteropneusta  or  Hemichordata.  Animals  possessing 
pharyngeal  gill  slits;  notochord  (if  present)  reduced  to  small  rod 
in  anterior  end,  some  with  dorsal  tubular  nervous  system,  with 
proboscis.     Example :   tongue  worms. 

Phylum  Chordata.  Animals  with  dorsal  notochord,  dorsal  tubular 
nervous  system,  pharyngeal  gill  slits.  Examples :  frogs,  fishes, 
mammals,  etc. 


CHAPTER  20 

THE  PHYLUM  PROTOZOA 


Of  all  the  animal  phyla,  the  members  of  the  phylum  Protozoa  are 
probably  the  most  abundant  and  widespread.  Some  species  are  capable 
of  living  in  nearly  any  imaginable  habitat.  All  bodies  of  fresh  and  salt 
water  have  their  teeming  populations ;  the  miniature  pool  formed  after 
a  rain  in  time  will  develop  its  protozoan  fauna.  The  water  between  the 
particles  of  soil  abounds  in  them — a  single  gram  of  soil  may  harbor  a 
million  protozoans.  So  many  and  so  abundant  are  the  parasitic  forms 
that  there  is  scarcely  an  animal  without  its  peculiar  fauna.  Despite 
this  tremendous  abundance  of  forms,  the  protozoans  were  among  the 
last  of  the  animals  to  be  observed  by  man.  The  reason  for  this  delay 
was  due  to  the  fact  that  their  discovery  depended  upon  the  invention 
of  the  microscope.  Again,  the  versatile  Leeuwenhoek,  the  Dutch  mi- 
croscopist,  is  given  credit  for  some  of  the  first  descriptions  of  these 
remarkable  organisms. 

These  animals,  though  consisting  of  but  one  cell,  must  be  considered 
true  organisms.  They  must  be  compared  to  the  entire  metazoan  or- 
ganism, not  to  the  highly  differentiated  individual  cell  of  the  metazoan. 
This  single  unit  carries  on  the  processes  of  digestion,  reproduction,  ex- 
cretion, etc.,  which  are  also  characteristic  of  the  metazoans.  For  this 
reason,  some  zoologists  prefer  to  designate  the  protozoans  as  acellular 
rather  than  as  unicellular  forms. 

Among  the  metazoans,  there  are  many  organs  and  organ  systems 
for  carrying  on  vital  processes.  By  definition,  an  organ  consists  of 
many  cells ;  thus  no  structure  within  the  protozoan  is  comparable  to  an 
organ.  Instead  there  are  specialized  cytoplasmic  structures  known  as 
organelles  (little  organs)  which  carry  on  the  various  physiological  ac- 
tivities of  the  organism.  There  may  be  a  great  many  different  organelles, 
such  as  food  vacuoles,  for  the  digestion  of  food,  water  vacuoles  for  the 
control  of  the  water  content,  and  special  locomotor  devices. 
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Characteristics  of  the  Phylum. — These  animals  forming  the  sub- 
kingdom  and  phylum  Protozoa  are  acellular  or  single-celled  forms  which 
exist  either  individually  or  as  members  of  a  colony.  If  they  are  part 
of  a  colony,  they  still  retain  their  individuality.  All  members  of  the 
colony  are  alike  except  those  specialized  for  reproduction. 

In  size  they  vary  from  2  to  3  microns  (one  micron  =  1/1,000  mm), 
to  several  centimeters.  Most,  however,  are  less  than  250  microns  in 
length. 

In  symmetry,  they  vary  from  bilateral  to  radial,  spherical,  or  asym- 
metrical. Despite  this  variation,  any  one  species  ordinarily  has  a  char- 
acteristic, constant  form. 

Locomotion  is  accomplished  among  the  members  of  the  various 
classes  by  different  means.  It  is  by  these  varying  locomotor  apparatuses 
that  the  classes  are  distinguished  from  one  another.  Some  move  by 
pseudopodia  or  cytoplasmic  protrusions ;  others  move  by  cilia  or  flagella 
which  are  filamentous  extensions ;  and  still  others  glide  by  movements 
of  the  cell  itself.  The  speed  with  which  the  animals  move  varies  from 
about  2  to  3  microns  per  second  for  those  using  pseudopodia  to  2,000 
microns  per  second  among  some  of  those  using  cilia. 

The  internal  organisation  varies  from  group  to  group.  Although 
all  species  have  at  least  one  nucleus,  some  have  several.  Organelles  are 
present  in  most  species.  These,  too,  vary  both  in  number  and  com- 
plexity. 

Nutrition  of  the  protozoans  is  of  several  types.  Some  forms  pos- 
sess green  coloring  matter  and  by  photosynthesis  manufacture  their  own 
food.  These  are  the  holophytic  species.  Often  these  particular  pro- 
tozoans are  classed  as  being  intermediate  in  form  between  plants  and 
animals.  The  liolosoic  forms  are  those  which  eat  other  plants  or  ani- 
mals. Most  protozoans  may  be  included  in  this  category.  Some  of  the 
parasitic  forms  can  digest  only  that  food  which  has  already  been 
partially  or  fully  dissolved.  These  are  the  saprosoic  species.  This  lat- 
ter group  also  includes  interesting  forms  that  can  synthesize  starches 
and  proteins  from  acids  and  simple  salts.  Usually  any  one  species 
utilizes  only  one  method  of  nutrition,  but  occasional  forms  shift  from 
one  type  to  another. 

In  their  mode  of  living  the  protozoans  demonstrate  a  wide  varia- 
tion in  both  habit  and  habitat.  A  tremendous  number  of  them  are 
free-living  forms,  while  a  great  many  others  are  truly  parasitic.  Be- 
tween these  two  extremes  there  are  various  mutualistic  associations 
such  as  symbiosis  and  commensalism.     In  the  symbiotic  arrangement, 
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two  different  forms  live  together  in  a  manner  which  is  beneficial  to 
both.  Among  the  protozoans  there  are  many  such  examples,  includ- 
ing several  species  of  flagellates  which  live  as  symbionts  in  the  in- 
testine of  the  termites.  These  forms  apparently  are  able  to  digest  the 
cellulose  which  the  termites  ingest — the  termites  themselves  have  no 
enzymes  for  cellulose  digestion.  In  return,  the  termites  furnish  shelter 
and  food  for  the  protozoan  guest.  Commensal  relationships  exist  when 
two  organisms  live  together  but  neither  one  benefits  nor  is  injured 
by  the  association.  Certain  sessile  protozoans  that  are  attached  to  the 
backs  of  turtles  illustrate  this.  Finally  there  is  the  condition  where  one 
form  gets  all  the  benefits  of  the  relationship  while  the  other  receives 
none  or  is  damaged.  This  is  known  as  parasitism.  The  protozoan 
that  causes  malaria  in  man  is  an  example  of  this  latter  mode  of  living. 

Many  species  of  the  protozoans  have  special  tests  or  shells  which 
enclose  the  protoplast.  Often  these  are  of  very  complicated  form  and 
have  various  sculpturings  on  them.  They  are  formed  of  many  differ- 
ent materials  such  as  an  organic  matrix  with  imbedded  foreign  mate- 
rials, silica,  calcium  carbonate,  or  a  complex  organic  material  known 
as  tectin. 

Many  parasitic  forms  are  able  to  withstand  adverse  circumstances 
and  to  spread  from  host  to  host  by  the  formation  of  resistant  spores. 
There  are  some  parasitic  and  free-living  forms  which  are  able  to  pro- 
duce cysts.  These  are  resistant  cells  in  which  the  protoplasm  is  re- 
organized and  a  heavy  protective  wall  is  formed.  Some  of  these  can 
withstand  temperatures  as  high  as  106°  C.  and  as  low  as  that  obtained 
by  liquid  air.  These  cysts  which  can  withstand  long  periods  of  desicca- 
tion probably  account  for  the  world-wide  distribution  of  many  species 
of  protozoans.  The  extremely  tiny  cysts  can  be  wafted  great  distances 
by  air  currents. 

Reproduction  among  the  protozoans  may  be  either  sexual  or  asex- 
ual. Asexual  reproduction  is  the  commonest  and  may  be  either  binary 
or  multiple  fission.  In  binary  fission  the  animal  divides  into  two  equal 
parts ;  in  multiple  fission  the  single  protoplast  divides  to  produce  many 
like  individuals.  This  latter  is  particularly  common  among  parasitic 
forms.  Budding  occurs  among  some  larger  forms.  In  this,  the  bud  is 
normally  unlike  the  adult  which  produced  it.  It  may  or  may  not  be  of 
the  same  size. 

Sexual  reproduction  may  be  one  of  two  types :  copulation  or 
syngamy  and  conjugation.     In  copulation  or  syngamy,  there  is  fusion 
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of  two  gametes.     In  conjugation,  there  is  temporary  contact  between 
two  individuals  in  which  there  is  an  exchange  of  nuclear  material. 

Importance  of  the  Protozoans. — Despite  their  tiny  size,  the  pro- 
tozoans are  among  the  most  important  of  the  invertebrate  phyla.  Many 
of  the  parasitic  forms  infest  both  man  and  his  domestic  animals.  One 
particularly,  the  organism  causing  malaria,  has  made  whole  sections 
of  the  world  unhealthy.  The  tremendous  losses  caused  by  the  debility  of 
the  individuals  who  are  infected  cannot  be  measured. 

Among  the  free-living  forms,  many  species  are  the  bases  of  food 
chains  necessary  in  the  economy  of  fresh  and  salt  water.  These  forms 
eat  bacteria  or  smaller  protozoans  and  in  turn  furnish  food  for  larger 
forms.  Possibly  many  of  the  soil-dwelling  forms  occupy  a  similar  posi- 
tion in  soil  cycles. 

One  group,  the  Foraminifera,  produce  shells  which  have  formed 
the  great  chalk  clififs  of  many  sections  of  the  world.  Others  of  this 
same  group  are  important  as  indicators  of  oil-bearing  strata. 

Biologically  the  protozoans  have  proved  to  be  useful  experimental 
forms.  Many  are  easily  cultured  in  the  laboratory.  Due  to  their  easy 
availability,  they  have  been  studied  extensively  for  information  as  to 
how  the  individual  cell  functions.  In  recent  years,  they  have  been  ex- 
tensively utilized  for  the  study  of  cytoplasmic  inheritance. 

The  Classes  of  Protozoans. — Five  classes  of  protozoans  are  sep- 
arated from  one  another  on  the  basis  of  their  mode  of  locomotion. 
They  are  as  follows  : 

Class  I.  Mastigophora  or  Flagellata.  These  are  the  flagellates  whose  lo- 
comotion is  accomplished  by  means  of  a  whiplike  structure,  the  flagellum.  Eu- 
glena  and  Volvox  are  examples. 

Class  II.  Sarcodina  or  Rhizopoda.  These  move  by  means  of  pseudopodia. 
Amoeba  is  the  usual  example  of  this  class. 

Class  III.  Sporozoa.  These  forms  are  parasitic  during  all  or  most  of  their 
life  cycles.  They  have  no  specific  locomotor  organ  during  most  of  the  life  cycle. 
Plasmodium,  the  causative  organism  of  malaria,  belongs  to  this  class. 

Class  IV.  Ciliata.  This  is  a  very  large  group  whose  members  move  by 
means  of  tiny  hairs  or  cilia  which  cover  the  body  surface.  They  were  at  one  time 
known  as  the  Infusoria  because  of  their  abundance  in  hay  infusions.  Paramecium 
is  the  most  commonly  studied  form  from  this  class. 

Class  V.  Suctoria.  These  are  modified  ciliates  that  have  cilia  only  during 
their  young  stages  and  are  sessile  when  adult.     Podophrya  is  in  this  class. 
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The  first  three  classes  are  somewhat  related  and  are  grouped 
together  as  the  subph(ylum  Plasmodromd.  The  latter  two  classes  are 
grouped  as  the  subphylum  Ciliophora.  These  relationships  are  at  best 
rather  superficial  ones,  for  this  phylum  is  actually  composed  of  a  large 
number  of  very  diverse  forms.  Their  only  truly  common  character 
is  that  all  are  one-celled  or  acellular  organisms.  They  have  evolved  in 
all  ways  and  fit  successfully  into  all  types  of  habitats. 

THE  CLASS  FLAGELLATA 

Perhaps  the  most  diverse  class  of  this  varied  phylum  is  the  Flagel- 
lata  or  Mastigophora.  The  only  character  which  these  many  forms 
have  in  common  is  the  possession  of  one  or  more  flagella  for  loco- 
motion. So  versatile  is  this  group  in  regard  to  form,  nutrition,  repro- 
duction, and  colony  formation  that  it  is  usually  considered  to  be  the 
type  from  which  arose  the  other  protozoan  classes,  the  plant  kingdom, 
and  the  remainder  of  the  animal  kingdom.  This  is  only  a  speculation, 
but  is  based  upon  careful  observation  and  consideration. 

Some  members  of  this  group  which  contain  chlorophyll  are  holo- 
phytic  in  their  nutrition  and  are  grouped  as  the  subclass  Phyfomastigina. 
Those  forms  which  are  either  holozoic  or  saprozoic  are  grouped  as  the 
subclass  Zoomastigina.  As  some  members  of  this  class  are  able  to  be 
either  holophytic  or  saprozoic  depending  upon  conditions  in  the  en- 
vironment, this  diflference  is  not  always  so  distinct  as  the  classification 
would  imply. 

Euglena. — The  features  of  the  subclass  Phytomastigina,  may  be 
illustrated  by  an  animal  commonly  studied  in  the  laboratory,  Euglena. 
Euglena  (Fig.  Ill)  is  a  spindle-shaped  animal,  somewhat  more  pointed 
at  the  posterior  end.  The  body  is  enclosed  in  a  thin  membrane,  the 
pellicle,  which  has  many  tross  striations.  From  the  anterior  end  ex- 
tends a  long  whiplike  flagellum  which  is  capable  of  a  lashing  motion 
for  propelling  the  animal  forward  as  well  as  rotating  it  on  its  axis. 
The  flagellum  is  formed  of  a  delicate  protoplasmic  sheath  surrounding 
an  axial  filament  and  is  attached  basally  to  a  structure  known  as 
the  basal  body  or  blepharoplast.  This  latter  appears  to  control  the 
movements  of  the  flagellum.  At  the  anterior  end  of  the  organism  is 
an  opening,  the  mouth  or  cytostome,  through  which  the  flagellum  passes. 
Behind  the  mouth  is  a  short  cytopharynx  which  leads  into  a  spherical 
reservoir.    The  blepharoplast  is  located  to  one  side  of  the  cytopharynx. 
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Near  the  reservoir,  contractile  vacuoles  usually  form  and  empty  their 
contents  into  the  reservoir  for  elimination  through  the  mouth. 

Also  near  the  reservoir  is  a  red  pigment  spot  which  is  light 
sensitive.  The  nucleus  is  located  approximately  in  the  center  of  the 
cell.  Throughout  are  many  chromatophores  containing  chlorophyll. 
These  small  colored  bodies  give  the  green  appearance  to  the  animal 
and  are  called  chloroplasts.  The  exact  appearance  and  distribution 
of  these  chloroplasts  varies  among  the  different  species.  As  this 
chlorophyll  is  the  same  material  that  is  found  in  green  plants,  it  makes 
possible  the  synthesis  of  carbohydrates  by  the  animals.  For  this  rea- 
son, the  phytomastigina  are  often  considered  to  be  plants.     Some  mem- 
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Fig.  111. — Euglena  sp. 

bers  of  the  genus  Euglena  also  possess  conspicuous  whitish  structures 
known  as  parainyluvi  bodies.  These  are  composed  of  a  starchlike  ma- 
terial, parauiyluin,  formed  by  the  chloroplast. 

Reproduction  is  ordinarily  by  binary  longitudinal  fission.  Sexual 
reproduction  has  never  been  demonstrated  with  certainty  in  Euglena. 
Under  unfavorable  conditions,  Euglena  regularly  form  cysts.  At  times 
within  these  cysts,  multiple  fission  resulting  in  16  to  32  individuals 
occurs.  This  happens  when  there  is  an  overabundance  of  chlorophyll 
in  the  cell  due  to  overillumination.  The  green  scum  commonly  seen 
on  the  surface  of  small  ponds  often  contains  large  quantities  of  these 
encysted  Euglena. 
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In  their  reactions  to  light,  the  Euglena  demonstrate  positive  photo- 
taxis;  that  is,  they  move  toward  the  light  source.  In  general,  Euglena 
avoid  extremes  of  light  and  dark,  preferring  areas  with  a  medium 
illumination.  Ordinarily  Euglena  move  through  water  in  a  spiral 
due  to  the  action  of  the  flagellum.  Also  they  are  capable  of  distinctive 
crawling  motions  which  are  called  euglenoid  motions. 


Fig.  112. — Some  colonial  Phytomastigina.  A,  Volvox  sp.;  entire  colony,  show- 
ing daughter  colonies;  B,  Volvox  sp.,  section  of  surface  of  colony,  showing  proto- 
plasmic bridges;  C,  Volvox  sp.,  bundle  of  microgametes;  D,  Volvox  sp.,  an  individual 
microgamete;  E,  Volvox  sp.,  an  individual  macrogamete;  F,  Volvox  sp.,  zygote; 
G,  Pandorina  sp.;  H,  Platydorina  sp.;  I,  Gonium  sp. 

Volvox. — Among  many  of  the  species  of  the  subclass  Phytomasti- 
gina, individuals  join  together  to  form  colonies.  While  these  may  seem 
very  similar  to  a  multicellular  form,  they  demonstrate  no  true  tissue 
differentiation.  Each  vegetative  cell  is  precisely  like  every  other  one; 
however,  there  may  be  some  differentiation  of  sex  cells  in  a  form  such 
as  Volvox  (Fig.  112,^ -F). 
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Each  colony  of  Volvox  is  a  ball-shaped  structure  whose  center  is 
filled  with  a  jellylike  fluid.  The  wall  of  the  colony  is  formed  of  thou- 
sands of  tiny  cells,  each  possessing  two  flagella,  a  nucleus,  chloroplast, 
red  stigma  or  eye  spot,  and  a  contractile  vacuole.  The  individual  cells 
are  connected  to  one  another  by  protoplasmic  strands  or  bridges.  The 
beating  of  the  flagella  rolls  the  colony  through  the  water  with  the  en- 
tire colony  demonstrating  positive  phototaxis.  In  most  colonies,  the 
cells  forming  the  outer  wall  are  strictly  vegetative,  while  the  reproduc- 
tion of  the  colony  is  taken  care  of  by  other  specialized  cells. 

During  favorable  conditions,  Volvox  reproduces  partheno- 
genetically.  Certain  surface  cells  migrate  toward  the  interior  of  the 
colony  and  lose  their  flagella.  By  repeated  divisions,  these  form  daugh- 
ter colonies.  After  several  are  developed,  the  parent  colony  ruptures 
and  the  daughter  colonies  escape.  At  times  bisexual  reproduction  also 
occurs.  Certain  surface  cells  which  have  lost  their  flagella  enlarge 
to  become  female  sex  cells  or  macrogametes.  Other  cells  in  the  same 
colony,  or  perhaps  in  another  colony,  divide  numerous  times  to  pro- 
duce a  flat  bundle  of  microgametes  or  male  sex  cells.  The  gametes 
fuse  to  produce  a  zygote  which  secretes  a  heavy  protective,  spiny  wall 
about  itself.  These  zygotes  are  able  to  withstand  adverse  conditions 
such  as  cold  and  drying.  When  favorable  conditions  return,  they 
develop  into  new  colonies. 

Other  Colonial  Flagellates. — It  is  interesting  that  Volvox  not 
only  shows  the  beginnings  of  cellular  differentiation,  but  also  super- 
ficially resembles  the  blastula  of  metazoan  embryology.  Another 
colonial  flagellate,  Pandorina  (Fig.  112,G),  resembles  late  cleavage 
stages;  while  Gonium  (Fig.  112,7)  with  4  to  16  cells  resembles  early 
cleavage.  Of  course,  it  is  well  known  that  the  higher  forms  did  not 
evolve  through  these  modern  specialized  protozoans,  but  they  may 
give  us  a  hint  as  to  the  method  followed  in  the  development  of  the 
metazoans. 

Other  Phytomastigina. — There  are  many  different  types  of 
phytomastigina  that  inhabit  both  fresh  and  salt  waters.  One  group  is 
that  of  the  dinoflagellates  (Fig.  113,  E,F,  H).  These  are  very  abundant 
in  the  ocean  and  not  infrequent  in  fresh  waters.  Many  species  have  a 
covering  of  irregular  plates  and  typically  they  possess  two  flagella,  one 
transverse  and  one  longitudinal.  Each  lies  in  a  groove  with  the  longitu- 
dinal flagelluni  imparting  forward  motion  and  the  transverse  one  giving 
a  rotating  motion.  They  are  one  of  the  more  abundant  organisms  present 
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among  the  microscopic  forms  floating  on  the  ocean's  surface.  These 
floating  masses  are  very  important  as  the  food  source  of  all  the  larger 
forms  and  are  sometimes  known  as  the  "oceanic  meadows."  Some 
dinoflagellates  produce  a  poisonous  substance  which  does  not  harm  the 
molluscs  that  feed  upon  them;  however,  during  periods  when  these 
dinoflagellates  form  the  chief  food  of  the  molluscs,  the  latter  may  become 
poisonous  to  human  beings.  Some  dinoflagellates  are  red  in  color  and 
may  become  so  abundant  as  to  give  the  water  a  reddish  color.  When 
this  occurs,  causing  the  so-called  "red  tides,"  many  fish  may  be  killed. 
Another  interesting  dinoflagellate  is  that  known  as  Noctiluca. 
As  the  name  indicates,  these  are  the  forms  which  make  the  oceanic 
waters  luminescent  at  night.  The  Noctiluca  (Fig.  113,F)  are 
large  animals,  about  1  mm.  in  diameter,  each  consisting  of  a  gelatinous 
sphere. 

The  Zoomastigina. — As  the  members  of  this  subclass  contain 
no  chlorophyll  they  are  either  holozoic  or  saprozoic  in  their  nutrition. 
Many  of  them  are  free-living  and  may  be  found  in  pond  water.  They 
are  colorless  forms,  and  except  for  the  absence  of  the  chloroplast, 
structurally  resemble  the  Euglena.  Many  of  the  Zoomastigina  are 
parasitic,  and  in  their  habits  show  some  very  amazing  biotic  relation- 
ships. 

Those  protozoans  which  live  symbiotically  in  the  intestine  of  the 
termites  are  members  of  this  subclass.  As  mentioned  previously,  they 
apparently  are  able  partially  to  digest  the  cellulose  ingested  by  their 
hosts,  thus  making  food  available  to  the  termites.  The  termite  if  de- 
prived of  its  protozoan  fauna  literally  and  actually  starves  to  death  (Fig. 
113,C). 

There  are  many  Zoomastigina  flagellates  which  parasitize  many 
animals  including  human  beings.  Among  the  various  genera,  one  of 
the  commonest  is  Trichomonas  (Fig.  113,^).  In  man  there  are  three 
species:  T.  hominis  which  is  found  in  the  colon,  T.  buccalis  in  the 
mouth,  and  T.  vaginalis  in  the  vagina.  Another  species,  T.  foetus,  in 
cattle  is  responsible  for  abortions.  Representatives  of  the  genera 
Chilomastix  and  Giardia  (Fig.  113,5)  are  also  found  parasitic  in  the 
intestine  of  human  beings. 

Some  of  the  parasitic  flagellates  live  in  the  blood  of  vertebrates. 
The  members  of  one  genus,  Trypanosoma  (Fig.  l\3,D),  are  able  to 
live  in  the  blood  of  most  species  of  vertebrates.  All  of  these  very  small 
forms  are  characterized  by  the  possession  of  a  long  undulating  membrane 
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and  are  transmitted  from  one  host  to  another  by  some  arthropod.  Some 
forms  are  quite  harmless  to  their  hosts  while  others  are  almost  always 
fatal.  One  comparatively  harmless  form  is  that  known  as  Trypanosoma 
lewisi  which  occurs  in  rats,  and  is  spread  by  the  fleas  which  live  on 
the  rat's  fur.  In  Africa,  two  species,  T.  gamhiense  and  T.  rhodesiense, 
are  responsible  for  the  two  forms  of  African  sleeping  sickness.     These 


Fig.  113. — Various  species  of  flagellates.  A,  Trichomonas  sp.;  B.  Giardia  sp.; 
C,  Trichonympha  sp.  from  intestine  of  termite;  D,  Trypanosoma  sp.  with  two  red 
blood  cells;  E,  Ceratium  sp.,  a  dinoflagellate;  F,  Noctiluca  sp.,  a  dinoflagellate;  G, 
Peranema  sp.,  a  free-living  species;  H,  Gymnodinium  sp.,  a  dinoflagellate. 


are  transmitted  by  the  bite  of  the  tsetse  fly.  These  trypanosomes  in- 
vade the  nervous  system.  At  first  the  disease  is  characterized  by  fever 
and  swelling  of  glands  in  the  neck  region.  Gradually  the  infected  in- 
dividual becomes  more  lerfiargic,  and  finally  coma  culminating  in  death 
ensues.  Recently  progress  has  been  made  in  developing  drugs,  which 
effectively  combat  this  disease.  It  may  be  transmitted  from  man  to 
man  or  from  man  to  various  wild  beasts  who  thus  act  as  reservoirs 
for  this  devasting  disease  which  has  made  whole  sections  of  Africa 
uninhabitable. 
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In  South  America,  another  trypanosome,  T.  crusi,  is  transmitted  by 
the  bite  of  a  kissing  bug.  This  form  causes  swelHng  in  the  heart  muscle 
and  may  be  fatal. 

Members  of  the  genus  Leishmania  also  cause  human  infections. 
In  India  and  North  Africa,  kala  azar  is  a  common  disease  in  which 
the  liver  and  spleen  enlarge.  In  Central  and  South  America,  L. 
hrasiliensis  causes  the  disease  known  as  espiindia  which  afifects  the 
mucous  membranes  of  the  mouth,  pharynx  and  nose.  All  of  these  are 
intracellular  parasites  and  are  transmitted  by  the  bites  of  sandflies. 

THE  CLASS  SARCODINA 

The  members  of  the  class  Sarcodina  vary  in  appearance  from  naked 
bits  of  protoplasm  to  forms  that  are  enclosed  in  elaborate  shells.  The 
most  commonly  studied  member  of  this  class  is  Amoeba  proteus. 

Amoeba  Proteus. — The  individual  amoeba  consists  of  a  mass  of 
protoplasm  surrounded  by  a  cell  membrane.  The  cytoplasm  itself 
consists  of  two  distinct  regions :  an  outer  narrow  zone  of  clear,  jelly- 
like protoplasm,  the  ectoplasm,  and  the  main  mass  of  granular  endo- 
plasm.  In  the  endoplasm  are  contained  the  nucleus,  food  vacuoles,  con- 
tractile vacuoles,  and  various  other  cell  inclusions. 

The  Amoeba  moves  by  means  of  cytoplasmic  extensions,  the 
pseudopodia.  These  are  blunt  projections  which  are  thrust  out  first 
on  one  side  then  on  another,  resulting  in  a  zigzag  forward  motion.  As 
the  animal  moves  forward,  they  again  become  a  part  of  the  main  cell 
mass.  Each  pseudopodium  touches  the  substratum  at  its  tip,  and  as 
the  mass  of  cytoplasm  flows  forward  toward  it,  the  animal  moves  along. 

Apparently  these  pseudopodia  are  formed  by  colloidal  changes  in 
the  cytoplasm.  The  internal  mass  is  in  a  very  liquid  state  and  is  known 
as  pla^masol,  while  an  outer  narrow  portion  is  denser  and  more  gela- 
tinous in  nature,  and  is  known  as  plasmagel.  At  the  point  where  a 
new  pseudopodium  will  form,  the  denser  gel  changes  to  the  more  liquid 
sol  by  a  local  chemical  reaction.  This  mechanically  causes  a  flowing 
forward  of  the  sol  of  the  main  mass  which  by  loss  of  water  is  changed 
to  a  gel  around  the  periphery  of  the  pseudopodium.  Thus  the  indi- 
vidual pseudopodium  consists  of  a  cylinder  with  a  wall  of  gel,  but  with 
the  internal  protoplasm  and  the  tip  in  a  sol  state.  This  continuous 
change  from  gel  to  sol  and  back  again  causes  the  amoeboid  motion. 

These  pseudopodia  not  only  serve  for  the  movement  of  the  Amoeba 
but  also  serve  for  the  capture  of  food  particles.    The  food  of  the  amoeba 
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consists  chiefly  of  small  protozoans  or  bits  of  algae,  thus  its  nutrition 
is  holozoic.  The  pseudopodia  engulf  the  smaller  protozoans  or  algae 
with  some  water  and  the  food  vacuoles  are  thus  formed.  As  this  food 
vacuole  circulates  through  the  cytoplasm,  digestion  takes  place.  Indi- 
gestible particles  are  thrown  out  at  the  surface.  The  digested  material 
becomes  part  of  the  cytoplasm. 
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Fig.  114. — Amoeba  proteus.     A,  View  of  entire  animal;  B,  movements. 


Respiration  takes  place  directly  through  the  cell  surface,  and  meta- 
bolic wastes  produced  by  cell  activity  are  likewise  excreted  through 
the  cell  surface. 

The  contractile  vacuole  functions  to  regulate  the  osmotic  balance 
of  the  animal.  This  organelle  is  present  only  in  the  free-living  forms 
dwelling  in  fresh  water.  Parasitic  and  salt  water  forms  usually  lack 
them.  Due  to  the  higher  concentration  of  salts  within  the  amoeba, 
water  is  continuously  moving  into  the  cell  body.  Unless  there  was 
some  special  structure  to  remove  the  water,  the  animal  would  swell  up 
and  burst.  The  contractile  vacuole  performs  this  important  function 
of  maintaining  proper  osmotic  balance.  If  salt  water  forms  are  trans- 
ferred into  fresh  water,  contractile  vacuoles  appear,  thus  indicating 
that  the  action  of  these  vacuoles  is  strictly  a  physical  one.  These  vacuoles 
can  best  be  shown  in  the  laboratory  by  allowing  the  slide  containing 
the  animals  to  dry  slightly. 

Amoeba  ordinarily  reproduces  by  means  of  binary  fission.  Before 
division,  the  amoeba  rounds  up  and  produces  many  short  pseudopodia. 
Division  occurs  by  means  of  mitosis.     Resistant  cysts  have  been  ob- 
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served  in  some  free-living  forms  but  have  never  been  demonstrated  in 
laboratory  cultures  of  A.  proteus. 

The  amoeba  shows  various  responses  to  changes  within  its  en- 
vironment. For  example,  it  demonstrates  avoiding  reactions  to  sudden 
bright  light,  touching  with  a  hard  object,  or  various  chemicals.  Posi- 
tive responses  are  shown  by  the  movement  toward  food  and  contact 
with  a  solid  object  by  a  floating  amoeba. 

Amoeba  are  usually  found  crawling  about  on  the  undersurfaces 
of  the  floating  leaves  of  aquatic  plants  in  fresh  water.  In  these  fresh- 
water habitats,  other  types  of  Sarcodina  are  also  found.  Some  of  these 
are  other  species  and  genera  of  the  naked  forms,  while  still  others  have 
shells  or  tests. 

Other  Sarcodina. — Among  the  shelled  forms,  some  of  the  com- 
moner ones  are  the  members  of  the  genus  Arcella  (Fig.  115,  C,  D), 
which  look  like  miniature  doughnuts  when  seen  from  the  underside,  and 
Difflugia,  which  cement  grains  of  sand  together  to  build  their  domed 
houses.  In  these  same  fresh  waters  may  be  found  the  interesting  group, 
the  Heliozoa,  or  sun  animalcules    (Fig.    \\S,A).     These   latter  have 


Fig.  115. — Some  members  of  the  class  Sarcodina.  A,  A  heliozoan,  Actino- 
sphaerium  sp.;  B,  a  foraminiferan,  Discorbis;  C,  top  view  of  Arcella;  D,  side  view 
of  Arcella;  E,  the  radiolarian  Thalassicola  sp.;  F,  cyst  of  Endamoeba  histolytica;  G, 
active  form  of  Endamoeba  histolytica. 
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long  firm  pseudopodia  known  as  axopods.     These  extend  from  around 
the  cell  body,  suggesting  the  rays  of  a  stylized  sun. 

Among  the  marine  forms  is  the  order  Foraminijera  (Fig.  \\S,B) 
whose  members  have  beautifully  marked  shells.  The  shells  of  these 
forms  are  found  in  tremendous  numbers  in  various  marine  deposits 
such  as  chalk  beds  and  cliffs.  They  have  been  studied  extensively  by 
the  oil  geologists  as  various  genera  give  indication  of  oil-bearing  strata. 
The  siliceous  shells  of  the  order  Radiolaria  (Fig.  115,£)  form  large 
deposits  on  the  ocean  bottoms,  the  so-called  radiolarian  ooze. 

Parasitic  Sarcodina. — A  number  of  parasitic  amoebae  are  known. 
Species  of  these  occur  both  in  man  and  in  other  animals.  In  human 
beings  Endamoeha  coli  occurs  in  the  colon,  E.  gingivalis  in  the  mouth, 
and  several  other  species  in  the  intestine.  Most  of  these  appear  to  be 
relatively  harmless  to  their  hosts.  However,  one,  E.  histolytica  (Fig. 
115,F  and  G),  causes  amoebic  dysentery.  These  amoebae  invade  the 
epithelial  cells  of  the  intestinal  tract,  causing  abscesses.  If  the  in- 
fection is  not  arrested  in  the  earlier  stages,  the  amoebae  may  migrate  to 
the  heart,  liver,  lungs,  spleen,  or  brain.  In  these  organs  they  likewise 
form  abscesses,  and  fatalities  may  result. 

In  the  host,  E.  histolytica  produces  numerous  individuals  by  re- 
peated binary  divisions.  Among  these  individuals  will  be  found  many 
precystic  forms.  Each  precystic  form  rounds  up  to  produce  a  cyst 
with  four  nuclei.  The  cyst  passes  out  with  the  feces.  If  these  cysts  are 
ingested  by  another  individual,  they  divide  to  produce  eight  uninucleate 
amoebae  and  a  new  infection  is  established.  From  this  short  account 
of  the  life  history  it  can  be  seen  that  infection  with  E.  histolytica  is 
always  due  to  carelessness  in  the  handling  of  foods,  water,  or  in  dis- 
posal of  feces.     The  cysts  can  also  be  transmitted  by  flies. 

From  various  observations,  it  is  concluded  that  about  10  per  cent 
of  the  world's  population  is  infected  with  E.  histolytica.  Some  strains 
are  more  virulent  than  others,  and  some  individuals  appear  to  be  more 
resistant  to  the  parasite.  These  resistant  individuals  may  carry  the 
infection  for  years  without  showing  ill  effects,  but  if  they  are  careless 
in  handling  food,  they  may  produce  foci  of  infection.  These  individuals 
are  known  as  "carriers."  Of  course,  their  infection  may  be  detected 
by  fecal  examination  as  both  the  cysts  and  the  active  stages  are  recog- 
nizable. 
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THE  CLASS  SPOROZOA 

The  members  of  the  class  Sporozoa  are  all  parasitic  and  are  ex- 
tremely widespread  in  their  distribution.  They  occur  in  the  organs 
of  animals  of  nearly  all  phyla.  As  they  are  parasitic,  their  nutrition 
is  saprozoic,  with  the  food  being  absorbed  directly  from  the  host  through 
the  cell  membrane.  They  lack  contractile  vacuoles  as  the  medium  in 
which  they  dwell  is  isotonic.  Respiration  and  excretion  likewise  occur 
directly  through  the  cell  membrane. 

Most  of  the  members  of  the  class  Sporozoa  have  complicated  life 
cycles  involving  both  sexual  and  asexual  stages.  Some  species  occur 
in  more  than  one  host  with  the  asexual  stage  in  one  and  the  sexual  stage 
in  another.  In  the  one  host,  the  form  which  reproduces  by  asexual 
methods  is  known  as  the  trophozoite.  While  the  trophozoite  has  no 
special  organs  of  locomotion,  it  is  often  able  to  move  by  amoeboid  move- 
ments. By  repeated  mitosis  the  cell  becomes  multinucleate  and  is  known 
as  a  schizont.  This  breaks  into  many  new  individuals  or  asexual  spores 
known  as  merozoites,  each  of  which  invades  new  cells  of  the  host. 
This  process  is  called  schizogony.  As  no  gametes  are  involved,  this 
is  a  type  of  asexual  reproduction.  At  times,  micro-  or  macrogametes 
may  be  produced.  These  unite  to  form  zygotes;  these,  in  turn,  form 
oocysts  which  contain  spores  that  develop  by  the  process  known  as 
sporogony.    At  this  stage,  new  hosts  can  be  infected. 

Many  of  the  members  of  the  Sporozoa  are  extremely  important 
because  of  their  effect  upon  man  and  his  domestic  animals.  Plasmodium 
sp.,  the  causative  agent  of  malaria,  has  influenced  the  settlement  of 
entire  areas  and  modified  the  course  of  civilization.  In  many  domesti- 
cated animals,  members  of  the  order  Coccidia  may  have  a  devastating 
effect.  In  rabbits  and  poultry,  Eimeria  sp.  (a  coccidian)  causes  a  path- 
ological condition  of  the  epithelial  tissues.  In  rabbits  this  occurs  in 
the  bile  duct,  while  in  poultry  it  is  in  the  intestine. 

The  Coccidians. — Representatives  of  the  order  Coccidia  occur 
in  the  epithelial  cells  of  both  vertebrates  and  invertebrates.  The  life 
cycle  of  a  typical  coccidian  may  be  illustrated  by  Eimeria  stiedae,  the 
parasite  of  the  epithelium  of  the  bile  duct  of  rabbits.  The  trophozoite 
appears  as  a  small  rounded  cell  in  the  epithelium.  By  schizogony  many 
small  merozoites  are  produced.  These  asexual  spores  invade  new  cells 
and  spread  the  infection  within  the  same  host.  After  invading  the 
new  cells,  each  merozoite  develops  into  the  typical  trophozoite. 
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In  preparation  for  sexual  reproduction,  some  of  these  merozoites 
after  invading  the  host  cell  become  gametocytes  instead  of  trophozoites. 
Some  of  these  enlarge  to  become  individual  macrogametes,  while  others 
divide  to  form  microgametes.  The  fusion  of  a  macrogamete  with  a 
microgamete  produces  a  zygote.  The  zygote  secretes  a  heavy  wall 
about  itself  and  escapes  into  the  lumen  of  the  bile  duct.  Here  it  be- 
comes an  oocyst  which  passes  from  the  rabbit  with  the  feces.  Within 
the  oocyst  four  spores,  each  with  two  sporozoites,  are  developed.  This 
process  of  spore  formation  is  sporogony.  If  the  oocyst  is  ingested  by 
another  rabbit,  each  sporozoite  is  able  to  invade  a  host  cell  and  de- 
velop into  a  new  trophozoite.  In  this  way,  the  infection  spreads  rapidly 
from  one  individual  to  another. 
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Fig.  116. — Life  history  of  the  sporozoan  Eimeria  stiedae. 


Other  species  of  Eimeria  parasitize  chickens,  turkeys,  dogs,  cats, 
cattle,  rats,  and  mice.  In  both  rabbits  and  poultry,  coccidiosis  causes 
a  large  number  of  deaths  in  the  young.  The  best  methods  of  control 
involve  careful  sanitation  of  the  living  quarters. 
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The  Haemosporidians. — Another  group  of  sporozoans  are  the 
blood  parasites.  These  are  members  of  the  order  Haemosporidia. 
The  best  known  of  these  haemosporidians  are  the  members  of  the 
genus  Plasmodium  which  are  the  causative  organisms  for  human  and 
avian  malaria.  In  human  malaria,  the  asexual  cycle  with  the  tro- 
phozoite occurs  in  man;  the  sexual  cycle  occurs  in  mosquitoes  of  the 
genus  Anopheles. 

The  trophozoite  occurs  within  the  red  blood  cell.  Each  develops 
into  a  typical  schizont  which  divides  by  fission  into  a  number  of 
merozoites.  Rupture  of  the  red  blood  corpuscle  liberates  the  merozoites 
into  the  blood  stream.  They  then  are  able  to  penetrate  new  red  blood 
cells  and  develop  through  a  ring  stage  into  a  typical  trophozoite.  Some 
of  the  merozoites  at  times  develop  into  gametocytes.  These  develop 
no  further  unless  they  are  picked  up  by  the  proper  kind  of  mosquito. 
In  the  Anopheles,  the  female  gametocyte  develops  into  a  macrogamete 
and  the  male  gametocyte  into  several  microgametes.  Fusion  of  macro- 
and  microgametes  produces  zygotes  which  develop  into  ookinetes.  Each 
ookinete  passes  through  the  wall  of  the  mosquito's  gut  and  comes  to  lie 
on  the  outside  of  the  wall.  Here  it  rounds  up  and  develops  into  a  heavy 
walled  oocyst.  Each  cyst  produces  by  sporogony  thousands  of  sporo- 
zoites.  By  rupture  of  the  cyst  wall,  the  sporozoites  are  liberated  and 
migrate  to  the  salivary  gland.  When  the  infected  mosquito  bites  its 
next  victim  it  injects  a  quantity  of  its  saliva  containing  the  sporozoites. 
The  sporozoites  do  not  immediately  invade  the  red  blood  cells;  rather 
they  appear  to  undergo  a  series  of  developmental  stages  in  the  liver 
and  perhaps  in  other  tissues.  Gradually  they  are  released  from  these 
sites  and  invade  the  red  blood  cells.  The  liver  may  act  as  a  reservoir 
for  an  infection  and  thus  be  responsible  for  malarial  attacks  occurring 
months  or  even  years  after  the  person  has  left  a  malarial  area. 

Depending  upon  environmental  temperatures,  the  cycle  in  the 
mosquito  takes  from  10  to  20  days.  It  takes  from  10  to  12  days  for 
the  first  appearance  of  symptoms  in  human  beings  after  the  initial  in- 
fection. Typically,  the  symptoms  of  malaria  in  man  are  chills  followed 
by  fevers  which  occur  when  the  merozoites  are  released  from  the  red 
blood  cells.  Depending  upon  the  infecting  species,  this  time  varies. 
With  P.  vivax  and  P.  ovale,  fevers  occur  about  every  48  hours;  with  P. 
malariae  every  72  hours;  and  with  P.  falciparum  an  irregularity  of 
fevers  occurs.  Of  these  four  species,  P.  falciparum  is  the  most  virulent 
form.    P.  vivax  is  not  so  virulent  but  may  persist  for  about  five  years. 
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P.  malaria c  is  a  comparatively  mild  form,  but  relapses  can  occur  many 
years  after  an  exposure. 

From  the  earliest  records  of  human  history,  it  is  evident  that  the 
problem  of  malarial  control  has  occupied  an  important  role.  Of  course, 
it  was  not  known  what  the  cause  of  malaria  was,  but  people  were  well 
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Fig.  117. — Life  history  of  Plasmodium  sp.,  the  causative  organism  of  malaria. 
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aware  of  the  fact  that  certain  sections  were  dangerous  ones  in  which 
to  Hve.  The  "night  airs"  still  have  a  bad  reputation  among  many 
peoples.  At  present,  we  have  gone  a  long  way  in  our  knowledge  of 
control  measures.  At  times,  it  often  suffices  to  destroy  the  larvae 
of  the  mosquitoes  by  spraying  oil  over  ponds  or  draining  swamps.  In 
tropical  areas  where  the  number  of  breeding  places  is  infinitely  more 
numerous,  the  problem  is  much  greater.  Often  the  clearing  of  an  area 
around  a  town  will  help  as  the  mosquitoes  apparently  do  not  fly  very 
far.    Also  screening  of  windows  and  doors  is  of  some  aid. 

A  knowledge  of  the  habits  of  the  malaria-carrying  mosquitoes  often 
helps  in  avoiding  infection.  For  example,  it  is  well  known  that  in  most 
areas  the  mosquitoes  fly  at  sundown  and  just  before  dawn.  By  staying 
within  protected  areas  at  those  times,  one  achieves  some  degree  of  pro- 
tection. Unfortunately,  however,  the  flying  habits  of  the  mosquitoes 
vary  from  area  to  area  and  this  is  not  always  too  safe  a  measure. 
Healthy  persons  in  infected  areas  often  can  avoid  malaria  by  taking 
preventive  doses  of  antimalarial  compounds.  There  are  many  different 
drugs  at  present,  including  quinine,  Atabrine,  and  Paludrine.  These  act 
by  killing  the  sporozoites  before  they  have  an  opportunity  to  become 
established  in  the  blood.  After  malaria  is  once  acquired,  these  same 
drugs  are  often  used  to  destroy  the  merozoites. 

Another  interesting  haemosporidium  is  Babesia  higemina,  the 
causative  organism  of  Texas  cattle  fever.  The  life  history  of  this  form 
is  somewhat  similar  to  that  of  the  malaria  organism  with  the  inter- 
mediate host  being  a  tick,  Margaropus  annulatiis.  The  asexual  stages 
are  in  the  cattle  and  the  sexual  stages  in  the  tick.  Within  the  tick, 
the  sexual  stages  occur  in  the  gut.  The  zygote  migrates  from  this 
area  into  the  ova  of  the  tick.  As  the  embryonic  ticks  develop,  the 
sporozoites  get  into  the  salivary  glands.  After  the  tick  hatches,  it  may 
feed  on  cattle  and  inject  the  sporozoites.  Control  measures  consist 
of  destroying  the  ticks  by  dipping  the  cattle  and  by  alternating  pastures. 

THE  CLASS  CILIATA 

The  possession  of  cilia  over  the  body  surface  distinguishes  the 
members  of  this  class  from  the  rest  of  the  protozoans.  Since  numerous 
genera  and  species  are  usually  present  in  any  hay  infusion  culture,  they 
often  are  known  as  the  injusorians.  The  individuals  of  this  class  have 
developed  more  complicated  organelles  than  those  of  any  other  protozoan 
class. 
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Paramecium. — As  an  example  of  this  class,  the  abundant  and 
familiar  Paramecium  is  usually  studied.  This  animal  has  a  definite 
body  shape  and  often  is  called  the  slipper  animalcule  due  to  a  vague  re- 
semblance to  the  shape  of  a  slipper.  The  anterior  end  is  somewhat 
blunt  while  the  posterior  is  pointed.  The  whole  body  or  cell  surface 
is  protected  by  an  elastic  covering,  the  pellicle.  Within  the  cell  itself, 
there  is  a  narrow,  clear  band  beneath  the  pellicle,  the  ectoplasm,  while 
the  larger  mass  of  the  cell  is  composed  of  endoplasm  with  its  various 
inclusions. 
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Fig.  118. — Paramecium  caudatum. 


The  bases  of  the  cilia  arise  in  the  ectoplasm.  Each  cilium  is  more 
or  less  a  modified  flagellum,  but,  of  course,  much  shorter.  They  cover 
the  entire  surface  of  the  body  and  are  more  or  less  arranged  in  rows. 
The  length  of  the  cilia  is  quite  uniform  except  for  a  group  of  longer 
ones  in  the  posterior  region,  the  caudal  tuft.  The  individual  cilium 
arises  from  a  basal  granule  which  is  connected  to  other  basal  granules 
by  an  interciliary  fibril.  This  latter  acts  as  a  primitive  nervous  system 
to  coordinate  the  beat  of  the  cilia.  Within  the  ectoplasm  are  other 
structures,  the  trichocysts.     These  are  spindle-shaped   organelles   be- 
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tween  the  bases  of  the  cilia.  When  the  animal  is  attacked  or  disturbed 
in  any  way,  these  are  discharged  as  long  threads. 

Toward  the  anterior  end  there  is  a  shallow  depression,  the  oral 
groove.  The  beating  cilia  tend  to  sweep  food  into  this  depression  which 
terminates  in  the  cytostome  or  cell  month.  A  slender  tube,  the  cyto- 
pharynx,  leads  into  the  endoplasm  where  the  food  vacuoles  are  formed. 
Along  the  cytopharynx  the  cilia  fuse  to  form  two  undulating  membranes. 
Food  vacuoles  formed  at  the  cytopharynx  may  be  seen  circulating 
through  the  endoplasm  as  digestion  progresses.  The  constant  flowing 
or  cyclosis  of  the  cytoplasm  carries  the  various  cell  inclusions  about. 
Posterior  to  the  cytopharynx  is  the  cell  anus  through  which  solid  waste 
particles  are  discharged  from  time  to  time.  At  either  end  of  the  body 
a  large  contractile  vacuole  may  be  seen  to  pulsate  as  excess  liquids  are 
discharged.  Several  canals,  the  radiating  canals,  lead  from  certain 
regions  of  the  endoplasm  to  the  contractile  vacuoles  and  bring  fluids 
to  the  vacuole  for  discharging. 

Two  nuclei  are  present :  the  macronucleus  and  the  micronucleus. 
The  macronucleus,  in  general,  controls  the  cellular  metabolism,  that  is, 
the  vegetative  functions  of  the  animal.  The  micronucleus  is  concerned 
with  the  reproduction  and  carries  the  genes  or  hereditary  material. 

The  beating  of  the  cilia  is  such  that  the  animal  actually  swims  with 
a  spiral  motion.  Like  most  protozoans,  they  demonstrate  avoiding  re- 
actions to  various  chemicals.  If  they  come  in  contact  with  an  acid,  they 
are  able  to  reverse  the  action  of  the  cilia  and  back  away.  A  weak  acid 
placed  on  a  slide  will  cause  the  animal  to  discharge  its  trichocysts  as 
well  as  to  move  away.  On  the  whole,  the  paramecia  avoid  extremes 
of  temperature  and  light,  apparently  finding  a  moderate  amount  most 
favorable. 

Binary  Fission. — Paramecium  has  a  complex  life  cycle  showing 
both  sexual  and  asexual  methods  of  reproduction.  The  commonly 
observed  type  of  reproduction  is  the  asexual  in  which  the  individual 
reproduces  by  transverse  binary  fission.  At  the  beginning  of  binary 
fission,  the  macronucleus  divides  by  amitosis,  simply  elongating  and 
pulling  apart.  The  micronucleus  divides  by  means  of  modified  mitosis. 
As  the  new  cells  pull  apart,  a  constriction  appears  and  the  animal  is 
gradually  cut  into  two  parts.  Each  new  cell  will  have  certain  structures 
which  happened  to  be  in  its  half,  and,  of  course,  a  full  complement  of 
chromosomes.  The  missing  structures  are  soon  regenerated.  In  cul- 
tures, this  type  of  reproduction  may  continue  for  long  periods. 
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Autogamy. — At  times  paramecia  undergo  a  process  of  self-fertiliza- 
tion known  as  autogamy.  This  has  been  best  described  in  Paramecium 
aurelia,  a  species  with  two  micronuclei  and  one  macronucleus.  In 
the  process  of  autogamy  first  the  two  micronuclei  form  long  threadlike 
crescents,  then  they  divide  into  four  micronuclei,  each  of  which  divides 
again  to  produce  eight.  Eventually  all  but  two  of  these  eight  micro- 
nuclei  degenerate.  The  two  that  are  left  come  to  lie  in  a  newly  formed 
bulge  near  the  mouth  of  the  animal.  Here  they  soon  fuse  into  a  single 
nucleus.  This  fused  nucleus  divides  twice  to  produce  four  nuclei.  Two 
of  these  latter  remain  as  micronuclei,  and  two  become  macronuclei. 
When  the  first  division  of  the  animal  occurs,  the  two  micronuclei  divide 
so  that  each  resulting  cell  has  the  usual  complement  of  one  macronucleus 
and  two  micronuclei.  During  all  these  micronuclear  changes  the  origi- 
nal macronucleus  fragments  and  degenerates. 


Fig.  119. — Autogamy  in  Paramecium  aurelia.  A,  Individual  with  normal  num- 
ber of  one  macronucleus  and  two  micronuclei;  B,  micronuclei  become  threadlike; 
C,  micronuclei  divide  to  form  four;  D,  each  micronucleus  divides  again  to  produce 
a  total  of  eight,  macronucleus  degenerating;  E,  two  micronuclei  move  toward  a 
newly  formed  bulge  near  the  mouth;  F,  two  micronuclei  are  in  bulge,  others  de- 
generating; G,  these  two  micronuclei  in  the  bulge  fuse,  others  degenerate;  H, 
fused  nucleus  divides  to  produce  two;  /,  each  divides  again  to  produce  four; 
J,  two  remain  as  micronuclei  and  two  become  macronuclei;  K,  first  division  in 
which  each  micronucleus  divides  so  that  each  resulting  cell  now  has  one  macronu- 
cleus and  two  micronuclei. 

Other  nuclear  changes  known  as  endoiiiixis  and  hemixis  have 
been  described  for  paramecia ;  however,  these  rare  phenomena  are  poorly 
understood. 

In  addition  to  these  processes,  paramecia  also  undergo  a  type  of 
bisexual  reproduction  termed  conjugation. 

Conjugation. — Individuals  ready  to  undergo  conjugation  be- 
come sticky  in  the  region  of  the  oral  groove  and  are  soon  seen  to  adhere 
in  pairs.  An  actual  protoplasmic  fusion  takes  place  and  may  last  for 
several   hours.      During   this   period   the   nuclear   changes   take   place. 

In  Paramecium  caudatum,  a  species  with  but  a  single  macronucleus 
and  a  single  micronucleus,  the  first  change  to  be  observed  is  the  divi- 
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Fig.  120. — Diagram  of  conjugation  in  Paramecium  caudatuin.  A,  Two  mated 
individuals  with  oral  surfaces  together;  B,  micronuclei  elongate;  C,  micronuclei  di- 
vide; D,  micronuclei  divide  again,  resulting  in  four  in  each  conjugant;  E,  three 
micronuclei  degenerate  in  each  conjugant  leaving  one;  F,  each  remaining  micro- 
nucleus  divides  and  one-half  of  each  moves  into  the  other  conjugant;  G,  the  "male" 
and  "female"  fuse  in  each  conjugant;  H  and  H',  the  conjugants  separate;  /  and  /', 
each  micronucleus  divides,  the  macronucleus  degenerates;  J  and  J',  each  micro- 
nucleus  divides  again;  K  and  K',  each  micronucleus  divides  again,  resulting  in  a 
total  of  eight;  L  and  L',  four  micronuclei  enlarge  to  become  macronuclei,  three 
micronuclei  degenerate;  M  and  M',  four  macronuclei  and  one  micronucleus  present; 
N  and  A^',  division  of  cell  and  micronucleus,  resulting  in  two  cells,  each  with  two 
macronuclei  and  one  micronucleus;  O  and  O',  division  of  each  cell  and  each  micro- 
nucleus,  resulting  in  four  cells,  each  with  a  single  micro-  and  a  single  macronucleus. 
Cytoplasm  of  one  conjugant  and  its  progeny  is  stippled;  the  other  is  clear. 
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sion  of  the  micronucleus  of  each  conjugant.  A  second  division  follows 
this,  resulting  in  each  conjugant's  possessing  four  micronuclei  and  but 
a  single  macronucleus.  Three  of  the  micronuclei  degenerate  in  each 
conjugant,  and  the  remaining  one  divides  unequally  into  a  large  station- 
ary "female"  and  a  smaller  motile  "male."  The  "male"  micronucleus 
of  each  conjugant  crosses  the  protoplasmic  bridge  and  fuses  with  the 
"female"  micronucleus  of  the  other  individual.  Following  this,  the  in- 
dividuals separate.  During  the  next  series  of  micronuclear  divisions, 
the  macronucleus  of  each  exconjugant  gradually  disintegrates.  The 
single  micronucleus  resulting  from  the  fusion  of  the  "male"  and  "fe- 
male" micronuclei  next  undergoes  a  series  of  divisions  which  result 
in  eight  micronuclei.  Four  of  these  enlarge  to  become  macronuclei 
and  four  remain  as  micronuclei.  Three  of  these  latter  degenerate, 
leaving  but  a  single  micronucleus  and  four  macronuclei.  Next  each 
exconjugant  undergoes  two  divisions  in  which  a  macronucleus  is  dis- 
tributed to  each  of  the  resulting  four  cells;  the  single  micronucleus 
divides  mitotically  at  each  division.  This  results  in  four  new  individuals 
from  each  exconjugant,  each  having  a  single  macronucleus  and  a  single 
micronucleus.  The  eight  individuals  resulting  from  the  two  exconju- 
gants  thus  have  identical  chromosomal  constitution,  but  the  cytoplasm 
of  each  group  of  four  will  be  different  from  that  of  the  other. 

Cytoplasmic  Inheritance. — This  natural  experimental  situation 
has  been  utilized  by  many  workers,  culminating  in  the  work  of  Son- 
neborn  for  the  study  of  cytoplasmic  inheritance.  While  many  of  the 
characters  of  paramecium  are  controlled  by  the  genes  contained  within 
the  micronucleus,  it  has  been  possible  to  identify  some  characters 
controlled  by  cytoplasmic  inclusions. 

One  of  these  cytoplasmic  controlled  characters  is  the  production 
of  mating  strains.  Mating  or  conjugation  can  occur  only  between  two 
different  strains.  Each  exconjugant  produces  individuals  of  its  own 
mating  strain.  As  the  nuclear  material  of  two  exconjugants  is  the 
same,  this  can  be  understood  only  by  assuming  that  the  character  for 
the  mating  strain  is  controlled  by  materials  in  the  cytoplasm.  These 
materials  are  known  as  "plasmagenes." 

Other  Free-Living  Ciliates. — Numerous  other  genera  and  species 
of  ciliates  occur  in  fresh  and  salt  waters.  Some  of  these  move  freely 
about  in  a  manner  similar  to  that  of  paramecium,  while  others  are  at- 
tached by  means  of  stalks.  Some  of  the  nonstalked  forms  include  such 
genera  as  Euplotes,   Spirostomum,   Lionotus,   Lacrymaria,   and   some 
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Stentors.  Didinium,  another  nonstalked  form,  feeds  upon  Paramecium 
and  is  able  in  a  short  time  to  wipe  out  a  culture.  The  stalked  forms 
include  such  genera  as  Vorticella  and  Carchesiuiu.  Some  of  these 
latter,  such  as  Vorticella,  have  contractile  fibris,  primitive  myonemes, 
for  the  contraction  and  expansion  of  the  stalk. 


Fig.  121. — Some  ciliates  and  a  suctorian.    A,  Didinium;  B,  Balantidium;  C,  Vorticella; 

D,  Ephelota,  a  suctorian. 


Parasitic  Forms. — This  class  also  has  a  number  of  parasitic  forms. 
One  of  these,  Balantidium  coli,  is  found  in  the  intestine  of  pigs.  Oc- 
casionally it  occurs  in  man,  probably  because  the  cysts  are  accidentally 
carried  into  the  mouth.  When  this  infection  occurs,  Balantidium  is 
able  to  invade  the  intestinal  mucosa  and  causes  severe  symptoms. 

In  the  rumen  of  many  of  the  ruminants  (cattle,  sheep,  etc.)  are 
found  ciliates  of  several  genera,  including  Diplodinium.  They  ap- 
parently act  as  commensals,  living  on  the  ingested  cellulose  of  the 
host.  Structurally  these  are  among  the  most  complicated  of  the  ciliates, 
having  special  skeletal  supporting  structures,  motor  bodies,  and  re- 
tractile fibrils. 


THE  CLASS  SUCTORIA 

The  members  of  this  relatively  small  class  are  considered  by  some 
to  be  merely  modified  ciliates.  The  young  possess  cilia  and  resemble 
closely  the  ciliates.  As  they  mature,  they  lose  their  cilia  and  change 
from  the  free-swimming  state  into  attached  forms.  The  cell  body 
is  attached  by  a  stalk  or  disc  to  the  substratum.  The  body  is  variously 
shaped  in  the  different  genera,  and  there  is  no  cytostome.  Tentacles 
are  present  for  the  procurement  of  food.    These  are  of  two  types ;     one 
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has  rounded  knobs  at  the  tips  which  act  as  suckers  to  catch  and  hold 
the  tiny  ciUates  that  serve  as  food;  the  others  are  pointed.  These 
latter  pierce  the  small  ciliates  and  permit  the  soft  body  parts  to  pass 
through  the  tentacle  into  the  cell  body  of  the  suctorian. 

Representatives  of  this  class  live  in  fresh  and  salt  waters  and  a 
few  are  parasitic.  Podophrya  is  a  common  fresh-water  representative ; 
Ephelota  (Fig.  \2\,D)  is  a  common  salt-water  form. 


CHAPTER  21 

SOME  OF  THE  LOWER  METAZOANS 


While  the  members  of  the  subkingdom  Protozoa  are  very  diverse 
and  numerous,  those  members  of  the  subkingdom  Metazoa  are  even 
more  diverse  and  certainly  as  numerous.  This  subkingdom  includes 
not  only  those  forms  barely  more  complex  than  the  protozoans  in  their 
organization,  but  also  the  highly  specialized  vertebrates  and  insects. 

In  the  classification  of  the  metazoans,  three  major  branches  are 
recognized :  the  Mesosoa,  the  Parazoa,  and  the  Eumetazoa.  Both  the 
Parazoa  and  the  Mesozoa  represent  a  very  low  grade  of  organization. 
More  highly  developed  than  either  of  these  two  branches  are  the 
many  phyla  which  show  tissue  differentiation.  These  constitute  the 
Eumetazoa  whose  members  represent  the  bulk  of  the  animal  kingdom. 
Two  of  the  latter  phyla,  the  Coelenterata  and  the  Ctenophora,  shall  be 
considered  in  this  chapter  along  with  the  Mesozoa  and  the  Parazoa. 

THE  PHYLUM  PORIFERA 

The  phylum  Porifera,  containing  the  sponges,  is  the  only  one  in  the 
branch  Parazoa.  The  name  Parazoa,  meaning  animals  to  the  side, 
aptly  describes  these  unusual  animals.  In  most  respects  they  bear  little 
or  no  resemblance  to  the  rest  of  the  metazoans.  True,  they  do  have 
some  cellular  differentiation,  but  there  is  no  real  tissue  development. 

H.  V,  Wilson  in  1907  demonstrated  the  primitive  organization  of 
the  sponges.  He  squeezed  a  sponge  through  very  fine  silk  cloth,  separat- 
ing it  into  individual  cells  and  cell  masses.  The  resulting  mass  of  sepa- 
rated material  was  able  to  reassemble  and  by  cellular  differentiation 
form  a  new  sponge  like  the  original.  Of  course,  this  type  of  treatment 
would  destroy  any  eumetazoan  form.  The  anatomy,  reproduction,  and 
embryology  further  demonstrate  the  fact  that  these  sponges  are  totally 
unlike  other  metazoans. 
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Characteristics  of  the  Phylum. — Except  for  a  very  brief,  motile, 
larval  stage,  the  sponges  are  entirely  sessile  (attached)  animals.  Inas- 
much as  they  cannot  actively  pursue  or  search  for  their  food,  they  must 
rely  upon  sifting  food  from  water  passing  through  the  body.  The  vari- 
ous cells  composing  the  sponge  are  ideally  adapted  to  this  method  of 
obtaining  food,  for  there  are  no  special  organs  or  tissues  for  the  per- 
formance of  any  functions. 

The  outer  epithelial  cells  are  quite  flattened  in  most  forms  and  form 
a  pavementlike  layer  over  the  body  surface.  Among  some  sponges,  some 
of  the  epithelial  cells  are  perforated  with  central  pores  which  lead  into 
the  central  body  cavity ;  in  others,  the  pores  are  openings  to  canals  which 
lead  from  the  outside  to  the  inner  cavity  and  are  lined  with  epithelial 

cells. 

The  collar  cells  or  choanocytes  form  the  inner  layer  of  the  body 
wall.  Typical  choanocytes  are  found  only  in  the  animals  of  this  phylum. 
Each  cell  is  rounded  and  has  a  contractile  collar  at  its  free  end  (Fig. 
123,D).  From  this  collar  projects  a  long  flagellum  which  is  structur- 
ally like  the  flagellum  of  the  protozoan  class  Flagellata. 

The  mesoglea  is  a  gelatinous-like  matrix  located  between  the  cho- 
anocytes and  the  epithelial  cells.  This  material  gives  support  to  the 
body  and  contains  several  different  types  of  cells  which  correspond  to 
mesenchymal  cells  in  other  animals.  Basically  these  cells  are  undif- 
ferentiated amoebocytes  which  are  able  to  wander  through  the  matrix 
to  various  sites.  They  are  able  to  give  rise  to  various  types  of  cells, 
but  once  they  have  differentiated  into  a  specific  cell  type,  they  lose  their 

plasticity. 

Depending  upon  the  material  to  which  they  give  rise,  the  amoeboid 
cells  are  given  different  names.  Some  give  rise  to  the  skeleton  of  the 
animal  and  are  known  as  scleroblasts.  Collencytes  have  slender  branch- 
ing processes  which  often  unite  to  form  a  network ;  myocytes  are  con- 
tractile cells  which  are  arranged  as  a  sphincter  at  the  main  openings; 
and  the  archeocytes  remain  relatively  undifferentiated.  Some  give  rise 
to  the  reproductive  cells,  some  are  important  in  regeneration,  and 
some  apparently  are  important  in  the  nutrition  of  the  animal.  Although 
there  are  many  other  types  of  amoebocytes  which  play  roles  of  varying 
importance,  there  are  never  any  cells  for  the  conduction  of  nerve 
impulses. 

The  skeleton  of  the  sponge  which  arises  from  the  scleroblasts  is 
composed  of  units  known  as  spicules  (Fig.  124,^ ) .  These  are  variously 
shaped  in  the  different  species.     The  three  classes  of  sponges  are  dif- 
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ferentiated  on  the  basis  of  the  material  from  which  these  spicules  are 
formed.  The  skeleton  may  be  formed  by  calcium,  silica,  or  a  softer 
material  known  as  spongin. 

The  symmetry  of  the  sponge  is  primarily  radial  although  among 
the  larger  species  this  symmetry  is  lost  and  they  become  asymmetrical. 

The  pores  in  the  walls  allow  the  water  to  pass  into  the  central  cav- 
ity or  spongocoel.  The  water  flows  past  the  choanocytes  and  many  of 
the  small  animals  and  plants  are  captured  by  the  flagella.  Finally  the 
current  emerges  from  a  large  opening,  the  osculum. 

Reproduction  is  either  by  sexual  or  asexual  means.  Asexually 
they  may  reproduce  by  budding  or  the  formation  of  special  resistant  in- 
ternal buds  known  as  gemmules.  These  latter  are  found  more  com- 
monly among  the  fresh-water  forms  than  in  the  marine  ones.  Re- 
generation of  broken  parts  can  be  so  extensive  that  it  must  be  considered 
here  as  a  method  of  asexual  reproduction. 

During  sexual  reproduction,  a  single  individual  may  be  either  mono- 
ecious or  dioecious.  The  ova  and  sperm  apparently  develop  from  the 
archeocytes  for  there  are  no  special  ovaries  or  testes.  The  ova  are  fer- 
tilized in  the  mesenchyme  by  sperm  from  another  sponge  and  remain 
in  their  position  during  a  portion  of  the  development.  After  the  ovum 
has  developed  into  a  peculiar  blastula  stage,  it  becomes  flagellated  and 
the  resulting  larva  escapes  through  the  osculum.  This  larva  swims  about 
for  a  short  time  before  attaching  to  a  solid  object. 

The  Arrangement  of  the  Canal  Systems. — The  simplest  type  of 
sponge  structure  is  that  illustrated  by  the  saclike  species,  Leucosolenia. 
This  very  simple  sponge  is  found  in  shallow  waters  along  coastal  areas 
and  usually  occurs  as  tubes  with  branches  extending  upward.  These 
branches  may  be  considered  as  individuals,  while  the  whole  mass  is  a 
colony.  This  species  has  the  asconoid  type  of  construction  and  may  be 
designated  as  an  ascon.  The  body  wall  is  penetrated  by  numerous  in- 
current  pores  or  ostia  which  extend  from  the  outer  surface  into  the 
spongocoel.  These  ostia  are  contained  in  individual  cells.  The  spon- 
gocoel is  lined  with  choanocytes  and  the  waving  of  the  flagella  propels 
the  water  in  through  the  ostia,  past  the  choanocytes,  and  out  the  oscu- 
lum which  is  located  at  the  distal  end.  This  simple  type  of  construction 
is  actually  found  in  very  few  species  but  it  is  the  basic  type  from  which 
the  others  have  developed. 

The  next  stage  in  the  development  of  the  canal  systems  is  illustrated 
by  the  members  of  the  genus  Scypha  (formerly  known  as  Grantia)  (Fig. 
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123).  In  this  sponge,  an  infolding  of  the  walls  adds  extra  chambers  and 
necessitates  additional  canals  for  the  circulation  of  water.  An  incurrent 
canal  is  located  between  the  outer  folds  of  the  sponge  wall.  Water  en- 
ters this  canal  through  dermal  ostia  or  pores.  From  this  incurrent 
canal,  the  water  passes  into  the  choanocyte-lined  radial  canal  by  means 


Fig.  122. — Canal  systems  of  sponges.  1,  Mesenchyme;  2,  choanocyte  layer;  3, 
incurrent  pore;  4,  spongocoel;  5,  osculum;  6,  incvirrent  canal;  7,  prosopyle;  8,  radial 
canal;  9,  dermal  pore;  10,  apopyle;  11,  flagellated  chamber;  12,  excurrent  channel. 
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Fig.  123. — Scypha.     A,  External  view;  B,  portion  of  body  wall; 
C,  amphiblastula;  D,  choanocyte  or  collar  cell. 
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of  small  openings,  the  prosopyles.  From  the  radial  canals  the  water 
goes  to  the  spongocoel  and  out  the  osculum.  This  syconoid  type  of 
construction  is  encountered  more  frequently  than  is  the  asconoid  type. 
The  most  common,  however,  is  also  the  most  complex,  and  is  known  as 
the  leuconoid  type. 

The  common  bath  sponge,  Spongia,  illustrates  the  leuconoid  type 
of  construction.  In  this,  the  choanocyte  layer  is  outfolded  numerous 
times,  resulting  in  many  small  oval  chambers  which  in  turn  may  further 
outfold.  The  choanocytes  are  found  only  in  these  chambers  while  the 
spongocoel  is  usually  obliterated  by  the  mesenchyme  which  fills  the 
spaces  surrounding  the  choanocyte-lined  chambers.  The  outer  surface 
of  the  sponge  contains  many  dermal  pores  which  may  open  into  large 
spaces  or  directly  into  incurrent  canals.  From  the  canals  or  spaces  are 
passageways,  prosopyles,  by  which  the  water  passes  into  the  flagellated 
chambers.  Other  pores,  the  apopyles,  open  from  the  flagellated  chambers 
into  the  excurrent  canals  which  unite  with  others  to  form  a  modified 
osculum.  This  construction  is  such  that  an  irregular,  asymmetrical 
mass  is  produced ;  the  size,  of  course,  is  usually  much  greater  than  that 
attained  by  either  of  the  other  two  types.  While  it  was  comparatively 
simple  to  identify  the  individual  sponge  in  the  asconoid  type  of  construc- 
tion, it  is  nearly  impossible  among  the  leuconoid  types.  Theoretically 
a  single  osculum  represents  a  single  individual,  but  delimiting  the  indi- 
vidual in  such  a  large  mass  is  nearly  impossible. 

Life  History. — Asexual  reproduction  is  very  common  among  the 
sponges.  Currents  of  water  often  carry  broken  pieces  to  other  sites 
where  they  soon  attach  to  form  new  colonies.  By  budding,  colonies  are 
built  up  and  increased  in  size.  Internal  buds  or  geinmules  consisting  of 
masses  of  amoebocytes  surrounded  by  spicules  are  often  carried  out 
by  the  ever-present  currents  of  water. 

During  sexual  reproduction,  the  ovum  is  fertilized  in  its  position 
in  the  mesenchymal  tissues.  The  early  holoblastic  cleavages  are  simi- 
lar to  those  of  other  animals.  At  the  16-cell  stage,  there  are  8  large 
cells  at  one  pole  and  8  small  ones  at  the  other.  The  large  cells  are 
destined  to  become  the  epidermis,  and  the  small  ones  the  choanocytes. 
These  are  more  or  less  arranged  as  a  flattened  blastula.  The  small  cells 
increase  rapidly  and  each  acquires  a  flagellum  on  the  end  facing  into 
the  blastocoel.  The  large  cells  round  up  and  form  an  opening  in  the 
middle  which  functions  as  a  mouth  to  ingest  cells  from  the  mesenchyme 
of  the  parent.     Gradually  this  very  modified  blastula  turns  inside  out 
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and  the  flagellated  cells  come  to  lie  on  the  outside.  This  is  known  as 
the  amphiblastida  stage  (Fig.  123,C),  and  it  is  this  larval  form  that  es- 
capes from  the  parent  through  the  osculum.  This  swims  about  for  a 
short  period.  The  flagellated  portion  of  this  larva  either  invaginates  or 
perhaps  is  overgrown  by  the  larger  nonflagellated  cells,  and  the  larva 
attaches  to  a  solid  object.  The  mesenchymal  cells  then  arise  from  both 
layers.  This  complex  embryology  is  the  reason  why  it  is  difficult  to 
homologize  the  germ  layers  of  the  sponge  with  the  more  clear-cut  ones 
of  most  other  metazoans. 


Fig.  124. — Sponges.     A,  Types  of  spicules;  B,  section  of  gemmule 
of  fresh-water  sponge. 


The  Biology  of  the  Sponges. — In  spite  of  their  seeming  simplicity 
of  construction,  the  sponges  are  a  very  successful  group  both  from  the 
viewpoint  of  the  number  of  individuals  and  their  worldwide  distribu- 
tion. They  attain  their  greatest  size,  diversity,  and  number  of  species 
in  the  warm  ocean  waters,  but  they  are  also  found  in  the  colder  ocean 
waters  and  often  attain  considerable  abundance  in  bodies  of  fresh 
water.  Within  their  habitat,  they  play  an  interesting  role.  Due  to 
their  being  sessile  and  having  many  branched  portions,  they  are  the 
hiding  place  for  many  difi'erent  animals.  For  example,  many  small 
shrimps  and  fish  abound  among  the  branches.  Worms,  echinoderms, 
coelenterates  also  may  be  found  on  the  surface  and  at  times  within  the 
canal  system.  One  particularly  unusual  relationship  is  that  of  a  small 
shrimp  found  in  the  waters  ofif  Japan.  When  these  are  very  small,  a 
pair  enters  the  spongocoel  and  grows  in  size.  It  is  of  course  unable 
to  escape  and  remains  permanently  imprisoned  within  the  sponge. 

Some  crabs  actually  tear  ofif  pieces  of  sponge  and  attach  them  to 
their  backs  for  camouflage.    Mutual  benefit  is  derived  from  this,  for  the 
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sponge  is  transported  about  and  in  turn  its  spicules  and  construction  give 
protection  to  the  crabs. 

Even  though  the  sponges  are  sessile,  they  are  well  adapted  for  at- 
taining adequate  amounts  of  food.  It  has  been  estimated  that  a  small 
leuconoid  sponge  of  fairly  simple  construction  may  pass  22.5  liters  of 
water  through  its  body  per  day.  This  sponge  was  but  10  cm.  high  and 
but  1  cm.  in  diameter.  Obviously  the  amount  of  water  passing  through 
a  larger  sponge  would  be  immense. 

Economic  Importance. — The  skeletons  of  some  sponges  are  util- 
ized for  many  purposes  such  as  bathing,  washing,  padding,  and  mop- 
ping. These  are  the  marine  sponges  whose  skeletons  are  formed  of 
spongin.  Before  the  sponge  is  used,  the  protoplasm  is  removed,  leav- 
ing the  soft  absorbent  spongin  skeleton.  These  sponges  are  most  abun- 
dant in  the  warmer  waters  of  the  Mediterranean  and  the  Gulf  of  Mexico. 
Unfortunately  the  fishing  of  these  forms  has  often  been  indiscriminate, 
and  the  industry  has  declined  considerably. 

There  are  a  few  species  of  sponges  which  live  on  the  shells  of 
oysters.  These  actually  are  able  to  dissolve  the  shell  and  consume  the 
oyster. 

The  Classes  of  Sponges. — The  three  classes  of  sponges  are  dif- 
ferentiated from  one  another  on  the  basis  of  the  material  forming  their 
skeletons.  The  spicules  forming  the  skeletons  are  variously  shaped  from 
simple  to  many-branched  (Fig.  124, A).  The  type  of  canal  system  found 
is  not  necessarily  characteristic  of  the  class. 

The  three  classes  are  as  follows  : 

Class  I.  Calcarea.  Skeleton  formed  of  calcareous  spicules  which  are  one-, 
three-,  or  four-rayed.  These  are  entirely  marine  forms  which  are  comparatively 
small  and  inconspicuous.  They  show  all  types  of  canal  formation.  Example: 
Leucosolenia,  Scypha. 

Class  II.  Hexactinellida.  Skeleton  formed  of  siliceous  spicules  which  are 
ordinarily  six-rayed.  These  are  entirely  marine  forms  which  often  occur  at 
great  depths.  The  skeletal  remains  of  these  forms  often  appear  like  delicate 
pieces  of  spun  glass.  They  are  attached  at  the  base  by  a  tuft  of  spicules,  and 
are  all  radially  symmetrical.    Example :     Euplectella,  the  Venus's  flower  basket. 

Class  III.  Demospongiae.  Skeleton  formed  of  siliceous  spicules,  spongin 
fibers,  or  both.  The  spicules,  however,  are  not  six-rayed.  These  are  usually 
larger  sponges  that  may  occur  in  great  masses.  Many  are  highly  colored  and 
very  bizarre  in  appearance.  The  canal  system  is  always  leuconoid.  Example: 
Spongia,  the  common  bath  sponge. 
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One  family  of  this  class,  the  Spongillidae,  contains  the  fresh-water 
representatives  of  this  phylum.  These  forms  grow  in  loose  masses  on 
suitable  sticks  and  stones  in  waters  that  have  sufficient  organic  material 
for  food.  They  reproduce  both  sexually  and  asexually  and  have  de- 
veloped gemmules  to  a  great  degree.  They  depend  upon  these  for 
surviving  the  unfavorable  conditions  of  freezing  and  drying  that  ac- 


Fig.  125. — Examples  of  sponges.  a,  b,  and  c,  Members  of  the  class  Demospon- 
giae;  d,  a  member  of  the  class  Hexactinellida.  a,  Stylotella;  b,  Spongia,  the  bath 
sponge;  c,  Chalina;  d,  Euplectella,  the  Venus's  flower  basket. 


company  a  fresh  water  existence.  These  gemmules  consist  of  masses 
of  amoeboid  cells  surrounded  by  a  wall  of  spicules.  Many  of  these 
spicules  are  of  a  peculiar  type,  having  a  straight  shaft  with  a  small 
wheel  at  each  end. 


THE  PHYLUM  MESOZOA 

In  their  organization,  the  members  of  the  phylum  Mesozoa  are  the 
simplest  of  all  the  multicellular  animals.  They  have  but  two  layers  of 
cells :  an  outer  layer  of  ciliated  cells  surrounding  an  inner  one  of  repro- 
ductive cells.  At  this  level  of  organization,  these  layers  cannot  be  com- 
pared with  those  of  the  Eumetazoa. 

These  unusual  animals  are  all  endoparasites  which  live  in  the 
internal  organs  or  spaces  of  many  different  invertebrates  such  as  the 
squids,  octopuses,  flatworms,  annelids,  clams,  and  brittle  stars.  Most 
have  quite  complex  life  cycles  involving  both  sexual  and  asexual  phases. 
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Whether  this  simplicity  of  structure  represents  true  primitiveness 
or  degeneration  is  debatable.  If  it  is  truly  primitive,  it  represents  an 
amazing  intermediate  stage  between  colonial  protozoans  and  true  multi- 
cellular forms. 


Fig.  126. — A  mesozoan. 

THE  PHYLUM  COELENTERATA 

Due  to  the  comparative  simplicity  of  their  structure,  the  members 
of  this  phylum  are  considered  to  be  the  most  primitive  of  the  branch 
Eumetazoa.  Although  when  compared  with  others  of  this  branch  the 
coelenterates  do  seem  primitive,  they  are  much  advanced  over  the 
sponges.  The  sponges  represented  a  cellular  level  of  organization ;  the 
coelenterates  definitely  are  of  a  tissue  grade,  that  is,  cells  are  combined 
into  tissues  which  act  together  to  perform  certain  functions.  They  are 
directly  dependent  upon  one  another.  This  dependence  can  be  demon- 
strated by  separating  the  cells  as  was  done  with  the  sponge.  Here,  how- 
ever, the  animal  will  not  reassemble  to  reform  an  individual.  Although 
the  coelenterate  cannot  reassemble  in  this  way,  most  of  them  do  demon- 
strate remarkable  powers  of  regeneration. 

The  animals  of  this  phylum  are  either  cylindrical  forms  with  ten- 
tacles at  the  upper  end  or  bell-like  forms  with  tentacles  on  the  margin  of 
the  bell.  The  cylindrical  forms  are  know^n  as  polyps  or  hydroid  jorms, 
the  others  as  jellyfish  or  medusae. 

Characteristics  of  the  Phylum. — Many  of  the  coelenterates,  like 
the  sponges,  are  attached  forms;  others  are  quite  motile.  The  sessile 
forms,  however,  are  more  efficient  in  their  food  getting  than  are  the 
sponges.  They  do  not  depend  upon  sifting  large  amounts  of  water, 
rather  they  have  stinging  cells  and  tentacles  which  actively  capture 
small  animals  which  are  then  transferred  to  the  central  gastrovascular 
cavity.    This  cavity  serves  both  for  digestion  and  distribution. 
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The  coelenterates  are  often  considered  to  have  but  two  true  body 
layers ;  thus  are  called  diploblastic.  The  epidermis  which  is  derived  from 
the  embryological  ectoderm  is  protective  in  function.  It  is  differentiated 
into  various  types  of  cells.  The  inner  epithelum  lining  the  gastrovascular 
cavity  is  derived  from  the  embryological  entoderm  and  is  known  as  the 
gastrodermis.  These  cells,  too,  are  differentiated  into  many  different 
types.  Between  these  two  layers  is  a  third  region,  the  mesoglea.  Meso- 
glea  is  a  gelatinous  material  which  gives  support  to  the  animal.  In 
some  forms  this  contains  no  cellular  elements,  and  the  animal  is  truly 
diploblastic.  In  others,  cells  invade  from  the  ectoderm  and  make  this 
a  true  third  cellular  layer.  For  this  reason,  it  is  not  entirely  correct 
to  characterize  the  members  of  this  phylum  as  "diploblastic." 

The  opening  of  the  central  gastrovascular  cavity  in  the  polyp  form 
is  surrounded  by  the  tentacles.  This  cavity  has  but  a  single  opening, 
the  mouth.  Food  is  conveyed  to  the  mouth  by  the  tentacles,  and  un- 
digested materials  are  ejected  through  this  same  opening. 

Radial  or  hiradial  symmetry  is  one  of  the  most  characteristic 
features  of  the  members  of  the  phylum.  The  main  axis  of  symmetry 
extends  from  the  mouth  to  the  base  and  the  parts  are  arranged  around  it. 

The  tissue  level  of  organisation  of  the  members  of  this  phylum  is 
further  evidenced  by  the  numerous  special  cells  which  unite  in  function- 
ing. Both  the  epidermis  and  gastrodermis  contain  special  supporting 
cells,  epithelial  muscular  cells,  glandular  cells,  nerve  cells,  and  in- 
terstitial cells.  In  addition,  the  gastrodermis  has  special  gland  cells 
for  digesting  the  engulfed  food  and  some  of  the  cells  have  special 
flagella. 

The  individual  nerve  cells  are  bi-  or  multi-polar  cells  located  in 
both  the  epidermis  and  gastrodermis.  They  are  connected  in  such  a 
way  that  the  whole  body  surface  is  coordinated.  This  netlike  arrange- 
ment is  characteristic  of  the  animals  of  this  phylum.  Nerve  impulses 
are  conducted  in  either  direction  over  any  one  nerve  cell  as  these  cells, 
unlike  those  of  the  vertebrates,  are  nonpolarized.  The  connections 
between  the  individual  cells  are  synaptic  in  nature.  Stimulation  of  any 
part  of  the  animal  results  in  a  generalized  response  of  the  whole  animal. 
In  some  coelenterates,  there  is  a  concentration  of  these  nerve  cells 
around  the  mouth. 

The  nematocysts  or  stinging  capsules  are  found  only  in  the  members 
of  this  phylum ;  thus  they  constitute  a  unique  character.  These  re- 
markable structures  develop  inside  special  interstitial  cells  which  are 
termed  cnidoblasts.     Inside  the  nematocvst  is  a  coiled  hollow  thread 
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with  one  end  fastened  to  and  continuous  with  the  capsule  wall.  The 
attached  end  of  the  tube  is  covered  with  a  small  lid  or  operculum.  From 
the  surface  of  the  nematocyst  there  is  a  small  protoplasmic  projection, 
the  cnidocil,  which  acts  as  a  trigger  for  the  discharge  of  the  stinging 
thread.  Contact  with  food  or  other  stimuli  will  evoke  a  response  on  the 
part  of  the  cnidocil.  The  actual  release  of  the  hollow  thread  is  apparently- 
due  to  an  increase  in  pressure  within  the  nematocyst.  This  results  in 
a  sudden  eversion  of  the  thread.  The  hollow  threads  of  one  type  con- 
tain a  toxic  material  which  is  injected  into  the  unfortunate  prey.  There 
are  many  types  of  nematocysts ;  but  the  main  ones  are  as  follows :  the 
adhesive  ones  or  ghdinants  which  fasten  the  tentacles  to  solid  objects, 
the  volvent  type  which  wind  about  the  prey,  and  the  stinging  type  or 
penetrants  which  paralyze  the  prey.  The  nematocysts  are  present  over 
most  of  the  body  surface,  but  are  concentrated  on  the  tentacles  where 
they  may  occur  in  batteries. 

The  coelenterates  have  no  specialized  cells  or  structures  for  respira- 
tion or  excretion.  Gaseous  exchange  simply  takes  place  through  the  body 
surface.  Digestion  is  both  intra-  and  extracellular.  Within  the  main 
portion  of  the  gastrovascular  cavity,  some  gland  cells  secrete  a  proteolytic 
enzyme  which  breaks  up  the  food.  The  digestion  is  then  completed  in 
a  protozoan  fashion  within  the  vacuoles  of  some  cells  of  the  gastrodermis. 

Metagenesis  or  alternation  of  generations  is  another  characteristic. 
An  asexual  generation  alternates  with  a  sexual  generation  which  is 
morphologically  different.  The  asexual  phase,  the  hydroid  form  or 
polyp,  is  a  cylindrical  sessile  form  which  may  be  either  solitary  or 
colonial.  This  hydroid  phase  or  polyp  by  budding  produces  the  jelly- 
fish or  medusoid  stage.  This  latter  is  a  free  swimming  bell-shaped 
animal  which  produces  either  eggs  or  sperm  or  both.  The  zygote  de- 
velops into  a  planida  larva  which  swims  about  for  a  while  before  settling 
down  and  metamorphosing  into  the  typical  polyp.  While  this  alter- 
nation of  generations  is  typical,  there  are  many  species  in  which  one  or 
the  other  stage  is  reduced  or  suppressed. 

The  Classes  of  Coelenterates. — Three  classes  are  recognized  in 
this  phylum.  They  are  differentiated  from  one  another  on  the  basis  of 
the  dominant  stage  in  the  life  cycle  and  various  morphological  details. 
They  are  as  follows : 

Class  I.  Hydrozoa.  In  the  life  cycles  of  the  members  of  this  class  there 
may  be  polyps,  only  medusae,  or  both.  The  polyp  has  the  gastrovascular  cavity 
undivided  by  any  septa,  and  the  mesoglea  is  without  cells.     The  medusa  has  a 
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special  shelflike  fold  of  tissue,  the  velum,  around  the  edge  of  the  bell.  Hydra, 
Obelia,  and  the  jellyfish  Gonionemus  are  examples  of  this  large  group.  It  is 
only  in  this   class   that  there  are  fresh-water   representatives. 

Class  II.  Scyphozoa.  In  these  exclusively  marine  forms,  the  hydrold 
stage  is  either  very  small  or  lacking.  The  medusa  is  conspicuous  and  lacks 
the  velum;  the  mesoglea  has  cells.  Usually  these  are  free-swimming  forms. 
The  large  oceanic  jellyfish  belong  to  this  class;  the  members  of  the  genus 
AurelUa  are  most  commonly  studied. 

Class  III.  Anthozoa.  The  members  of  this  group  are  exclusively  polyps.  In 
them,  the  mesoglea  is  a  mesenchymal  or  fibrous  connective  tissue,  the  gastro- 
vascular  cavity  is  divided  by  numerous  septa,  and  the  symmetry  is  biradial. 
The  corals,  sea  anemones,  sea  fans,  and  sea  pens  are  all  members  of  this 
entirely  marine  class. 

THE  CLASS  HYDROZOA 

Of  the  coelenterates,  those  members  of  the  class  Hydrozoa  are  the 
most  varied  in  both  appearance  and  hal^it.  While  most  of  them  are 
marine  forms,  a  few  species  attain  abundance  in  fresh  water.  Most 
species  exhibit  typical  alternation  of  generations,  but  some  suppress 
either  the  hydroid  or  medusoid  form.  Of  the  fresh-water  forms,  the 
single  species  of  the  genus  Craspedacusta  has  both  forms  although  the 
medusa  is  most  conspicuous.  All  other  fresh-water  forms  have  only 
the  polypoid  stage,  suppressing  the  free-swimming  medusoid.  The  most 
abundant  of  the  latter  group  are  the  hydras  which  are  members  of  three 
closely  related  genera:  Chlorohydra  which  has  a  green  color  due  to 
the  symbiotic  algae  living  in  the  cells ;  Pelmatohydra  which  has  a  stalk ; 
and  Hydra  which  is  neither  green  nor  stalked.  Of  these,  the  members 
of  the  genus  Hydra  are  most  frequently  studied. 

Hydra 

These  small  animals  can  be  seen  without  the  aid  of  a  microscope 
as  tiny  colorless  individuals  attached  to  the  surface  water  film  or 
perhaps  to  the  glass  side  of  an  aquarium. 

External  Anatomy. — In  size  and  appearance,  hydra  varies  from 
a  tiny  constricted  ball  to  a  long  slender,  almost  threadlike  form.  There 
is  considerable  variation  in  length  of  individuals,  but  usually  they 
measure  from  10  to  30  mm.  The  most  noticeable  feature  of  the  animal 
is  the  waving  tentacles  at  the  upper  or  oral  end.  These  hollow  ten- 
tacles surround  an  opening,  the  mouth,  which  is  located  on  a  conical 
elevation,  the  hypostome.     The  mouth  leads  into  the  gastrovascular 
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cavity.  At  the  aboral  end  the  tubular  body  ends  in  a  basal  disc  which 
the  animal  uses  for  temporary  attachment  to  objects.  Along  the  sides 
of  the  body  are  often  located  buds  which  will  give  rise  to  new  hydras  by 
asexual  reproduction.  During  periods  of  sexual  reproduction,  other 
projections,  the  ovaries  or  testes,  may  be  visible.  The  various  species 
of  Hydra  may  be  either  monoecious  or  dioecious. 

Microscopic  Anatomy. — Both  longitudinal  and  cross  sections  are 
needed  to  show  the  cellular  construction  of  this  small  metazoan. 
In  a  longitudinal  section,  the  animal  is  seen  to  be  a  hollow  tube  with 


Fig.  127. — Hydra  sp.  A,  Longitudinal  section;  B,  cross  section;  C,  detail  of  portion 
of  body  wall;  D,  discharged  nematocyst. 


the  central  gastrovascular  cavity  extending  into  the  tentacles  and  any 
buds  that  may  be  present.  From  both  types  of  sections,  it  is  clear  that 
the  body  wall  consists  of  two  cellular  layers :  the  outer  epithelium  or 
epidermis  and  the  gastrodermis  with  the  noncellular  thin  mesoglea  be- 
tween them.  The  cells  of  these  layers  are  longer  and  heavier  in  the 
regions  of  the  basal  disc  and  the  hypostome.  The  epithelial  cells  lining 
the  gastrovascular  cavity  and  those  covering  the  outer  surface  of  the  body 
are  of  several  types.     In  general,  the  cells  of  the  gastrodermis  are  taller 
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than  those  of  the  epidermis.  Within  both  layers  may  be  found  special 
epitheliomuscular  cells,  sensory  cells,  interstitial  cells,  and  gland  cells. 
The  epitheliomuscular  cells  are  the  most  abundant  and  represent  a  regu- 
lar, though  very  simple,  muscular  system.  The  outer  fibers  are  longitu- 
dinal and  are  located  at  the  base  of  the  epidermis ;  the  inner  ones  are 
circular  and  are  at  the  base  of  the  gastrodermis.  The  longitudinal  fibers 
serve  to  contract  either  the  whole  animal  or  parts  of  it,  while  the  circular 
ones  tend  to  constrict  and  thus  would  serve  to  aid  the  extension  of  the 
body. 

Several  tall  gland  cells  are  found  in  the  basal  disc  where  they  func- 
tion for  attachment  by  secreting  mucus.  These  also  can  secrete  gas 
bubbles  which  allow  the  animal  to  float. 

For  the  reception  of  stimuli  within  its  environment  and  the  coor- 
dination of  the  activities  of  the  body  and  tentacles,  the  hydra  has  a  net- 
work of  nerve  cells  which  are  located  in  the  epidermis  and  the  mesoglea, 
with  a  few  being  found  in  the  gastrodermis.  Scattered  throughout  the 
epidermis  are  the  small  sensory  cells.  These  are  most  abundant  about 
the  mouth,  the  basal  disc,  and  on  the  tentacles.  As  was  noted  above, 
they  are  connected  directly  to  the  nerve  cells  at  their  bases.  Some  of 
these  sensory  cells  have  flagellar  processes. 

Located  among  the  epidermal  cells  are  small  undifferentiated  cells, 
the  interstitial  cells.  These  are  capable  of  giving  rise  to  other  types  of 
cells  such  as  buds,  sex  cells,  and  the  stinging  cells  or  nematocysts. 
These  latter  are  scattered  over  the  body  except  on  the  basal  disc,  but 
are  most  abundant  on  the  tentacles  where  they  occur  in  batteries. 

Reproduction. — Hydra  is  one  of  the  members  of  the  class  Hydro- 
zoa  in  which  the  jellyfish  or  medusoid  stage  is  completely  absent.  Thus 
there  is  no  true  alternation  of  generations.  New  individuals  are  pro- 
duced in  one  of  two  ways,  either  by  budding  or  by  sexual  reproduction. 

Buds  are  usually  produced  just  above  the  basal  disc  and  are  first 
evidenced  as  thickenings  of  both  body  layers.  A  rounded  protuberance 
appears,  soon  elongates,  and  tentacles  appear  at  the  free  end.  Nourish- 
ment is  provided  for  by  the  gastrovascular  cavity  of  the  parent  which 
is  continuous  with  that  of  the  bud.  Development  of  the  bud  is  com- 
pleted before  it  frees  itself  from  the  parent.  Under  favorable  conditions, 
a  single  hydra  may  have  several  buds  with  the  oldest  at  the  base.  Bud- 
ding occurs  at  any  season,  and  is  partially  dependent  upon  favorable 
weather  and  available  food. 
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The  appearance  of  ovaries  and  testes  seems  to  be  in  response  to 
changes  in  the  temperature  of  the  water.  In  some  species  a  lowering 
of  the  temperature  in  winter  is  accompanied  by  sexual  reproduction ; 
in  others  it  is  a  response  to  rising  temperature  in  the  spring.  In  either 
case,  the  testes  and  ovaries  are  similar  in  appearance  and  development. 
The  testis  is  a  small  pointed  protuberance  with  a  nipplelike  opening 
for  the  exit  of  the  sperm.  In  dioecious  species,  the  testes  or  ovaries 
are  found  scattered  over  the  central  portion  of  the  animal;  in  monoe- 
cious or  hermaphroditic  species,  the  testes  are  usually  near  the  mouth 
end  while  the  ovaries  are  closer  to  the  budding  zone. 

The  ovary  consists  of  modified  interstitial  cells,  one  of  which  en- 
larges to  form  the  ovum  and  others  which  provide  nourishment.  This 
single,  large  ovum  which  is  produced  breaks  through  the  epidermis  and 
comes  to  lie  on  the  surface  in  a  cuplike  structure.  Fertilization  occurs 
within  a  short  time  and  is  followed  by  holoblastic  cleavage  until  a  gas- 
trula  is  formed.  This  gastrula  is  a  solid  sphere  with  an  outer  layer 
of  ectoderm  and  inner  mass  of  entodermal  cells.  The  ectodermal  cells  at 
this  time  secrete  two  heavy,  protective  envelopes :  an  inner  gelatinous 
one  and  an  outer  thick  shell.  This  well-protected  embryo,  known  as  a 
cyst,  drops  from  the  parent  and  may  attach  to  any  suitable  object.  After 
a  dormant  period  of  some  weeks  during  which  the  cyst  can  endure 
adverse  environmental  conditions,  the  cyst  cover  softens  and  a  young 
hydra  with  short  tentacles  emerges. 

The  Responses  of  Hydra  to  Its  Environment. — Some  of  the 
ways  in  which  hydra  responds  to  changes  in  its  environment  have 
already  been  indicated.  One  reaction  is  the  change  from  asexual  to 
sexual  reproduction  which  occurs  when  the  temperature  of  the  water 
either  rises  or  falls.  The  response  to  this  varies  with  the  individual 
species.  Food  in  the  vicinity  of  the  tentacles  evokes  an  immediate 
response  as  is  evidenced  by  the  discharge  of  the  nematocysts  and  the 
grasping  of  the  prey  by  the  tentacles.  A  sudden  touch  on  a  tentacle 
will  result  in  a  withdrawal,  while  the  jarring  of  a  container  will  bring 
about  a  contraction  of  the  entire  animal.  Light  affects  the  different 
species  in  varying  manners.  Chlorohydra,  the  green  hydra,  usually 
prefers  stronger  illumination  than  do  the  others.  Cooler  waters  are 
preferred  by  all  of  them,  with  temperatures  under  70°  F.  being  most 
suitable. 

Occasionally  hydras  undergo  degenerative  changes  which  are  but 
little  understood.     These  can  occur  due  to  stagnation  of  water,  over- 
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feeding,  high  temperatures,  or  other  causes.  At  these  times,  there  is 
a  lowering  of  the  metabolic  rate,  and  the  resulting  condition  is  known 
as  depression.  Following  this,  there  is  a  breakdown  and  reabsorption 
of  tissues.     Recovery  from  this  depression  may  occur  spontaneously. 

The  hydra  is  able  to  move  about  in  its  trial  and  error  search  for 
food  and  favorable  light  and  temperature  conditions.  The  movements 
are  accomplished  in  a  variety  of  ways.  One  common  method  is  that 
of  sliding  along  on  the  basal  disc.  More  rapid  movements  may  be 
accomplished  by  having  the  tentacles  loop  over  and  attach  by  means 
of  the  glutinant  nematocysts.  The  basal  disc  is  released  and  the  animal 
stands  on  its  "head"  momentarily  while  the  disc  loops  to  a  new  position. 
It  may  continue  this  looping  movement  for  a  considerable  distance.  At 
times,  the  tentacles  act  as  legs  to  the  inverted  animal.  Hydra  also  can 
raise  and  lower  itself  in  the  water.  In  rising,  it  usually  imprisons  a 
small  bubble  of  gas  which  is  secreted  by  the  cells  of  the  basal  disc.  When 
lowering,  the  tentacles  may  fold  up  for  a  rapid  descent  or  spread  out  for 
a  slower  one.  Often  the  hydra  attaches  itself  to  the  undersurface  of  the 
surface  water  film,  and  moves  about  on  this  thin  "skin." 

The  hydra  is  carnivorous  in  its  food  habits,  and  feeds  chiefly  on 
animals  smaller  than  itself,  such  as  the  microcrustacea  which  are  cap- 
tured by  means  of  the  nematocysts.  When  hydras  become  too  thick  in 
an  area  they  may  actually  be  able  to  kill  small  fish. 

Regeneration. — The  ability  of  hydras  to  regenerate  v/as  first 
demonstrated  by  an  English  scientist,  Trembley,  in  1744,  and  has  since 
been  demonstrated  countless  times  by  curious  scientists  and  eager 
students.  First  Trembley  noted  that  the  animal  could  be  cut  in  two  in 
any  direction,  and  shortly  each  half  would  grow  into  a  perfect  hydra. 
If  a  longitudinal  cut  were  not  complete,  the  two  halves  would  simply 
fuse  as  if  nothing  had  happened.  In  fact,  by  a  clever  bit  of  manipulation, 
he  actually  turned  the  hydras  inside  out  and  found  that  they  survived. 
It  has  since  been  shown  that  when  the  hydra  is  turned  inside  out,  all 
the  epidermal  cells  start  moving  outward,  and  the  gastrodermal  cells 
start  moving  inward.  They  pass  by  each  other,  and  soon  the  hydra  is 
its  old  self  once  again.  If  small  pieces  are  separated,  then  allowed 
to  come  together  again,  they  will  fuse ;  however,  it  has  been  shown  that 
gastrodermis  can  fuse  only  with  other  pieces  of  gastrodermis  and 
epidermis  only  with  epidermis. 

Two-headed  hydras  can  be  produced  by  splitting  one  longitudinally 
nearly  to  the  base  and  preventing  the  two  parts  from  fusing.  Each  side 
will  develop  an  oral  end. 
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Other  Hydrozoans 

Obelia. — The  members  of  the  genus  Ohelia  demonstrate  the  typical 
alternation  of  generations.  They  are  found  in  the  coastal  waters  of 
this  country  from  Long  Island  to  Labrador  and  along  the  Pacific  coast. 
In  the  hydroid  stage,  Ohelia  exists  as  a  colonial  animal.  An  individual 
colony  contains  two  types  of  individuals  and  has  considerable  morpholo- 
gical variation. 

The  entire  colony  is  firmly  fastened  to  the  substrate  by  a  series  of 
interlacing  rhizomes  or  stolons  collectively  known  as  the  hydrorhisa. 
From  the  individual  stolon  arises  the  stem  of  the  colony,  the  hydrocaulus. 
Hundreds  of  polyps  may  be  present  in  an  individual  colony. 

There  are  two  types  of  polyps :  the  feeding  polyp  or  hydranth, 
and  the  reproductive  polyp  or  gonangimn.  The  feeding  polyp  has  many 
tentacles  surrounding  the  mouth  and  hypostome.  Surrounding  this 
polyp  is  a  vaselike  protective  covering,  the  hydro fheca.  The  reproduc- 
tive polyp  is  protected  by  a  similar  protective  covering,  the  gonotheca, 
and  has  a  central  axis,  the  hlastostyle,  which  produces  lateral  buds. 
These  buds  develop  asexually  into  the  medusoid  or  jellyfish  stage.  The 
entire  branching  stem  of  the  colony  is  covered  with  the  noncellular 
perisarc  which  is  continuous  with  the  theca  of  the  polyps.  The  hollow 
portion  of  the  stalk  is  continuous  with  the  gastrovascular  cavity  of  the 
vegetative  polyps.     The  inner,  living  stalk  is  known  as  the  coenosarc. 

There  are  actually  two  types  of  asexual  reproduction  in  Ohelia. 
In  the  one  type,  reproduction  occurs  simply  by  the  growth  of  new 
polyps  on  a  single  colony  or  by  the  production  of  new  colonies  from  the 
stolons.  In  the  other  method  of  asexual  reproduction,  the  medusae  cr 
jellyfish  are  produced  by  the  development  of  the  lateral  buds  of  the 
stalk  of  the  gonangium.  These  small  medusae  break  loose  and  swim 
out  as  free-swimming  sexual  stages  in  the  life  cycle. 

In  the  medusae  of  most  of  the  hydrozoans,  the  eggs  and  sperm  are 
produced  by  separate  individuals  in  epidermal  folds.  The  eggs  and 
sperm  are  released  directly  into  the  water.  After  fertilization,  the  zygote 
develops  into  a  planula  larva.  This  is  a  minute,  flattened,  ciliated  form 
which  swims  about  for  a  brief  period  of  time.  It  soon  settles  down  and 
by  asexual  budding  produces  a  new  colony. 

Unfortunately  the  medusa  of  Ohelia  is  very  small  and  difficult  to 
study.  But  another  hydrozoan,  Gonionemus,  has  a  conspicuous  medusoid 
stage  and  clearly  shows  the  typical  structures. 
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Fig.  128. — Structure  and  life  liistory  of  the  hydrozoan,  Obelia  sp. 
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Gonionemus. — The  medusa  of  this  form  is  a  small  jellyfish  about 
one-half  inch  in  diameter.  It  possesses  the  typical  bell-shaped  structure 
and  has  a  number  of  hollow  tentacles  along  the  margin.  The  convex 
aboral  surface  is  called  the  exumhrella,  while  the  concave  oral  surface 
is  the  suhiimhrella.  The  subumbrella  is  partially  closed  by  the  projecting 
shelf  of  tissue,  the  vehini,  which  is  around  the  margin  of  the  umbrella. 
Also  around  the  margin  are  many  sense  organs  derived  from  sensory 
epithelial  cells.  These  are  the  statocysts  w'hich  are  concerned  with  the 
balance  of  the  organism.  Also  on  the  subumbrella  surface  is  the  manu- 
brium, a  central  projection  of  tissue  which  has  the  mouth  and  its  sur- 
rounding lobes  at  its  end.  The  mouth  opens  into  the  central  gastro- 
vascular  cavity.  This  cavity  is  connected  by  four  radial  canals  with  the 
ring  canal  that  circles  the  edge  of  the  umbrella. 

From  the  tissue  below  the  radial  canals  are  suspended  the  gonads. 
These  forms  are  dioecious ;  thus  a  single  animal  produces  only  eggs 
or  sperm.  The  fertilized  tgg  develops  into  the  typical  planula  larva 
which  swims  about  for  a  bit  before  settling  down  to  become  a  small, 
inconspicuous  polyp.    This  soon  buds  ofif  the  meduosid  forms. 

The  Siphonophores. — Colonies  of  hydrozoans  may  become  ex- 
ceedingly complex  in  their  growth  patterns.  The  extreme  of  this 
polymorphism  is  exhibited  by  the  members  of  the  order  Siphonophora. 
The  Portuguese  man-of-war,  Physalia  (Fig.  131,a),  is  one  of  these.  A 
large  medusoid  form  serves  as  a  gas-filled  float  and  from  it  are  suspended 
numerous  polypoid  individuals.  Some  of  these  latter  are  defensive, 
others  are  nutritive,  and  still  others  are  reproductive.  Some  colonies  be- 
come very  large  and  may  have  a  float  as  much  as  ten  inches  in  length, 
with  stinging  polyps  up  to  sixty  feet  in  length.  Often  these  forms  are 
beautifully  colored  and  quite  spectacular  to  see  although  they  can  be 
extremely  dangerous  to  any  swimmer  who  chances  to  come  in  contact 
with  them.  Their  viscious  stinging  polyps  release  numerous  poisonous 
nematocysts  which  cause  festering  wounds.  A  relationship  has  resulted 
between  certain  species  of  small  fish  and  the  siphonophores.  These 
small  fish  live  among  the  stinging  tentacles  and  dash  out  for  their  food. 
Apparently  they  are  not  harmed  by  the  stinging  polyps  and  actually  are 
well  protected  from  their  larger  enemies. 

THE  CLASS  SCYPHOZOA 

The  class  Scyphozoa  is  characterized  by  the  fact  that  its  members 
have  as  the  conspicuous  stage  in  the  life  history  the  medusoid  form. 
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The  polypoid  form  is  either  very  reduced  or  completely  lacking.  Some 
of  these  jellyfish  attain  huge  sizes,  up  to  seven  or  eight  feet  in  diameter, 
while  others  are  quite  small  with  one  inch  to  four  feet  being  a  common 
range. 

Although  superficially  the  medusoid  forms  of  this  class  bear  a  re- 
semblance to  those  of  the  class  Hydrozoa,  there  are  several  fundamental 
differences.  One  of  these  is  the  fact  that  the  velum  is  lacking.  Another 
conspicuous  difference  is  the  fact  that  the  mesoglea  is  much  stiffer  and 
contains  cells.  It  gives  these  jellyfish  a  somewhat  more  solid  structure 
than  the  medusae  of  the  hydrozoans  have.  Last,  the  umbrella  is  divided 
by  septa  into  four  equal  areas.  The  structure  and  life  history  of  this 
class  are  illustrated  by  the  members  of  the  genus  Aurellia. 

Aurellia. — This  colorful  animal  with  its  iridescent  bluish  white 
umbrella  and  pink  gonads  is  commonly  seen  floating  along  our  coastal 
areas.  At  times  it  is  blown  into  sheltered  harbors  in  large  numbers. 
In  size,  it  is  comparatively  small,  being  only  about  three  inches  in 
diameter  when  fully  grown. 
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Fig.  129. — Life  history  of  Aurellia. 


The  slender  tentacles  which  are  on  the  margin  of  the  umbrella 
are  interrupted  at  eight  equally  spaced  points  by  small  indentations.  In 
each  of  these  is  a  sense  organ  which  is  between  two  small  projections 
or  lappets.  Each  sense  organ  consists  of  a  pigmented  eye  spot  which  is 
sensitive  to  light,  two  pits  which  are  possibly  chemical  receptors  for 
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help  in  locating  food,  and  one  statocyst  which  contains  small  calcareous 
materials  for  aid  in  orienting  the  animal. 

In  the  center  of  the  subumbrella  surface  is  the  mouth  which  is 
at  the  end  of  the  very  short  manubrium.  Surrounding  the  mouth  are 
four  long,  grooved  oral  lobes  which  contain  nematocysts  along  their 
edges.  From  the  mouth,  a  short  gullet  leads  into  the  "stomach,"  Lead- 
ing from  the  stomach  are  four  gastric  pouches  within  which  are  located 
the  gonads  and  a  row  of  small  gastric  filaments  bearing  nematocysts. 
Leading  from  the  pouches  are  many  small  radial  canals  which  connect 
with  the  marginal  ring  canal. 

The  four  oral  lobes  and  the  four  gastric  pouches  are  located  on  the 
same  plane  which  is  termed  the  perradii;  halfway  between  each  two  of 
these  four  points  are  the  interradii  along  which  are  located  the  septa. 
The  eight  special  sense  organs  are  located  along  the  ends  of  these  four 
interradii  and  four  perradii. 

The  sexes  are  separate  in  most  members  of  the  Scyphozoa.  After 
fertilization,  the  eggs  usually  develop  to  the  planula  stage  in  small 
pouches  in  the  fringes  of  the  oral  arms.  The  planula  is  released  and 
swims  about  before  settling  down  and  becoming  a  small  polyp,  the 
scyphistonia.  This  divides  by  transverse  fission  into  a  series  of  small 
jellyfish.  Before  these  separate,  the  whole  small  structure  is  known 
as  a  strohila.  When  the  young  jellyfish  are  ready  to  separate,  they  are 
constricted  o^  by  muscular  contractions  and  swim  free  as  the  ephyra 
stage.  An  ephyra  has  eight  arms,  each  with  a  terminal  bifid  portion, 
the  two  lappets.  By  expansion  and  growth,  the  area  between  the  arm 
fills  in  and  the  adult  medusa  results. 

THE  CLASS  ANTHOZOA 

The  members  of  the  class  Anthozoa  are  all  marine  and  occur  only 
as  polyp  forms.  Many  of  them  are  flowerlike  in  appearance  and  ex- 
tremely handsome.  The  class  includes  such  forms  as  the  corals,  sea 
anemones,  sea  pens,  and  sea  pansies.  In  some  respects,  their  structure 
is  considerably  advanced  over  that  of  the  other  two  classes  of  this 
phylum.  The  symmetry  rather  than  being  radial  is  biradial ;  also  the 
mesoglea  has  been  penetrated  to  such  an  extent  by  cells  that  a  good 
mesoderm  is  produced. 

Although  the  members  of  this  class  are  quite  varied,  most  of  the 
anatomical  features  are  illustrated  by  the  members  of  the  genus  Metrid- 
tmn,  one  of  the  common  sea  anemones. 
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Metridium. — The  members  of  this  genus  have  short  cylindrical 
bodies  with  the  flat  oral  end  covered  with  numerous  short  hollow 
tentacles  which  surround  the  mouth.  The  mouth  is  slitlike  in  shape. 
The  pedal  disc  at  the  base  attaches  to  solid  objects.  The  mouth  opens 
into  the  gullet  which  connects  to  the  central  gastrovascular  cavity  also 
known  as  the  enter  on.  Along  one  side  of  the  gullet  is  a  furrow,  the 
siphonoglyph.  This  is  smooth  and  ciliated  and  permits  water  to  pass 
into  the  enteron.  Between  the  body  wall  and  the  gullet  are  six  large 
vertical  septa.  Secondary  and  tertiary  septa  which  do  not  extend  to 
the  gullet  are  between  these  larger  ones.  These  serve  as  supports  to 
the  body.  Water  can  pass  into  the  radial  compartments  formed  by  the 
septa  through  special  ostia  which  are  openings  just  beneath  the  oral 
disc.     Each  septum  has  a  twisted  septal  filament  which  is  extended 
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Fig.  130. — The  sea  anemone,  Metridium.     A,  Entire  animal  with  part  of  body  wall 
removed;  B,  cross  section  to  show  septa. 


basally  as  a  thread  acontium.  Each  acontium  contains  nematocysts 
and  gland  cells.  Acontia  can  pass  through  body  pores  or  even  through 
the  mouth.  With  their  stinging  cells  they  are  very  useful  in  the  captur- 
ing of  food. 

Gonads  are  formed  along  the  edges  of  the  septa.  The  sexes  are 
separate,  and  the  eggs  and  sperm  are  discharged  into  the  water  through 
the  mouth.  Fertilization  occurs  in  the  water.  The  larvae  swim  about 
briefly  and  settle  down  to  develop  into  the  typical  anemone. 
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The  Corals. — Some  members  of  the  class  Anthozoa  secrete  a  limy 
shell  for  the  protection  of  the  soft  body  parts.  These  are  the  corals. 
Some  corals  occurring  in  deep  water  produce  very  handsome  shells, 
which  are  used  as  jewelry  and  are  known  as  the  "precious  corals." 
Others  produce  the  large  coral  reefs  which  are  confined  to  tropical 
waters  where  the  annual  temperature  is  above  70°  F.  The  famous 
barrier  reef  of  Australia  has  a  great  variety  of  animal  life  associated 
with  the  myriad  forms  of  corals  that  exist  there. 


Fig.  131. — Various  coelenterates.  a,  Physalia,  a  siphonophore,  Portuguese  man- 
of-war;  b,  Velella,  a  siphonophore,  by-the-wind-sailor;  c,  Gorgonia,  an  anthozoan, 
sea  fan;  d,  Polyorchis,  a  hydrozoan;  e,  Acropora,  an  anthozoan,  a  branched  coral; 
/,  Fungla,  an  anthozoan,  the  mushroom  coral;  g,  Montipora,  an  anthozoan,  a  stony 
coral;  h,  Meandrina,  an  anthozoan,  the  brain  coral. 


THE  PHYLUM  CTENOPHORA 

The  comb  jellies  or  ctenophores  are  all  marine  forms  which  in 
many  respects  are  not  much  advanced  in  structure  over  the  coelenter- 
ates. The  gastrovascular  cavity,  the  lack  of  organs,  the  gelatinous 
mesenchyme,  and  the  general  relations  of  the  body  parts  all  show  the 
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close  relationship  of  these  animals  to  the  coelenterates.  In  other  re- 
spects, however,  they  show  some  advancements :  the  better  organiza- 
tion of  the  gastrovascular  tract  often  with  an  anal  pore,  the  presence 
of  an  aboral  sensory  region,  and  the  mesenchymal  muscles. 

The  sea  walnuts  or  comb  jellies  are  pelagic  forms  which  are  often 
seen  floating  at  the  surface  of  the  ocean.  During  the  day,  these  animals 
have  an  iridescent  sheen  and  at  night  they  are  brightly  phosphorescent, 
appearing  like  glowing  orbs  on  the  surface  of  the  subtropical  seas.  They 
are  characterized  by  the  presence  of  eight  rows  of  ciliary  plates,  thus 
the  name  sea  walnuts.  Other  forms  which  live  in  the  deeper  parts  of 
the  ocean  are  quite  different  in  appearance.  One  of  these  is  a  creeping 
form,  and  is  only  a  few  inches  in  diameter  although  it  is  as  much  as 
three  feet  long.     This  is  the  Venus's  girdle,  Cestum. 

Characteristics  of  the  Phylum. — Like  the  coelenterates,  the 
ctenophores  represent  a  tissue  grade  of  organization.  They  are  some- 
what more  highly  specialized  than  the  coelenterates,  but  no  true  organs 
are  found. 

The  mesoglea  is  filled  with  mesenchymal  cells  derived  from  the 
ectoderm  and  must  be  considered  a  true  mesoderm.  These  animals  are 
thus  truly  triplohlastic.  Within  the  mesoderm  are  true  muscle  cells 
which  are  derived  by  transformation  from  mesenchymal  amoebocytes. 

Like  the  members  of  the  class  Anthozoa,  the  ctenophores  are 
hiradiaUy  symmetrical.  They  lack  nematocysts,  but  characteristic  of 
them  are  the  eight  rows  of  ciliary  combs  or  plates.  These  originate 
near  the  aboral  end  and  terminate  just  before  the  oral  end.  The  rows 
are  formed  of  large  numbers  of  fused  cilia  which  give  the  appearance 
of  combs.     The  beat  of  these  combs  propels  the  animal  forward. 

Most  of  the  ctenophores  have  two  contractile  solid  tentacles,  which 
are  covered  with  adhesive  cells.     These  are  useful  in  capturing  prey. 

Essentially  the  nervous  system  is  like  that  of  the  coelenterates, 
inasmuch  as  it  consists  of  multipolar  cells  fused  into  plexuses  below 
the  combs.     Another  plexus  forms  a  ring  around  the  mouth. 

A  complex  sense  organ  is  present  at  the  aboral  end.  This  is  pri- 
marily a  balancing  organ  and  consists  of  calcareous  granules  supported 
on  four  long,  curved,  ciliary  tufts.  There  is  a  transparent  covering  over 
the  depression  in  which  this  is  contained. 

Asexual  reproduction  has  never  been  demonstrated  in  the  members 
of  this  phylum.  All  are  hermaphroditic,  and  many  have  two  periods  of 
sexual  activity :     one  while  they  are  larvae  and  one  when  adult.     The 
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gonads  are  located  in  the  walls  of  the  canals  of  the  gastrovascular  system, 
and  the  mature  cells  are  discharged  into  the  water  through  the  mouth. 
Development  is  direct  and  there  is  no  alternation  of  generations.  In 
many,  a  larval  form  resembling  adults  of  some  of  the  more  primitive 
ctenophores  develops. 

The  Classes   of  Ctenophores. — There  are   only  two  classes   of 
ctenophores  which  are  as  follows : 

Class    I.     Tentaculata.     These    forms    have    tentacles.     Most    of    the    cteno- 
phores are  in  this  class.    Example  :    Pleurobrachia. 

Class  II.     Nuda.     These  fornis  are  without  tentacles.     Example:     Beroe. 


_SENSE  ORGAN 


Fig.  132. — Examples  of  ctenophores.     A,  Pleurobrachia;  B,  Cestum,  the 

Venus's  girdle;  C,  Beroe. 


THE  CLASS  TENTACULATA 

Pleurobrachia  is  a  common  example  of  this  group.  It  is  an  ovoid, 
small  form,  white  or  rose-colored,  with  long  tentacles.  Its  length  is 
about  2  cm.  with  the  tentacles  being  about  15  cm.  long.  It  is  distributed 
from  Long  Island  to  Greenland,  in  Europe,  and  on  the  Pacific  Coast. 

The  mouth  at  the  oral  end  of  the  animal  opens  into  the  pharynx 
which  then  opens  into  the  stomach.  From  the  stomach  digestive  canals 
branch  beneath  the  comb  plates.  The  sense  organ  is  located  at  the  aboral 
end,  and  the  eight  comb  plates  extend  from  the  region  of  the  sense 
organ  toward  the  mouth.  The  tentacles  extend  from  two  blind  sacs 
located  near  the  aboral  end. 

While  swimming,  the  tentacles  are  extended  outward  in  a  looping 
manner,  better  to  encounter  any  possible  microscopic  Crustacea,  mollusc 
larvae,  or  even  protozoans.  These  are  captured  by  means  of  the  sticky 
cells  covering  the  tentacles  and  are  then  conveyed  to  the  mouth  region 
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where  they  are  removed  by  means  of  a  wiping  motion.  Possibly  this 
sticky  material  is  somewhat  poisonous  and  paralyzes  the  prey,  thus 
further  aiding  in  the  food  capture.  Digestion  is  initiated  in  the  stomach 
and  the  food  is  rapidly  reduced  to  a  pulp  which  then  passes  into  the 
radial  canals  for  absorption.  Undigested  food  is  passed  out  through 
the  mouth  or,  in  some  species,  by  a  small  anal  pore. 


CHAPTER  22 

THE  PHYLA  PLATYHELMINTHES 
AND  NEMERTINA 


The  term  "worm"  is  applied  to  the  animals  of  several  different 
phyla.  The  only  characteristic  which  these  animals  have  in  common 
is  that  all  possess  elongated,  slender  bodies.  The  most  primitive  of 
these  "worm"  phyla  are  the  members  of  the  phylum  Platyhelminthes,  the 
flatworms.  In  general,  they  can  be  distinguished  from  the  other  worms 
by  the  fact  that  they  are  distinctly  dorsoventrally  flattened.  The  free- 
living  planarians,  the  flukes,  and  the  tapeworms  are  all  members  of  this 
phylum. 

Compared  to  the  other  worm  groups  (the  annelids,  for  example), 
the  flatworms  seem  to  be  relatively  simple,  unspecialized  forms ;  how- 
ever, compared  to  the  coelenterates,  they  demonstrate  certain  important 
advances. 

They  represent  the  first  of  the  bilateral  phyla.  Associated  with 
this  bilaterality  is  the  first  appearance  of  a  definite  head  region,  that  is, 
cephalization  occurs.  A  true  mesoderm  is  present  in  these  forms  as  in 
the  higher  coelenterates  and  ctenophores,  but  here  it  is  differentiated 
into  definite  organs.  These  organs  thus  represent  the  first  steps  toward 
the  utilization  of  the  mesoderm  for  the  development  of  organ  systems. 
This  again  represents  a  tremendous  advance  in  organization  inasmuch 
as  these  animals  are  of  an  organ  grade  rather  than  simply  a  tissue  level 
of  construction. 

The  members  of  this  phylum  show  many  diverse  structures  and 
modes  of  living.  They  range  in  habit  from  those  that  are  free  living 
to  those  that  are  completely  parasitic.  Many  have  complex  life  cycles 
involving  several  hosts.  Some  species  have  been  of  importance  to 
biologists  in  investigating  basic  generalizations  ;  others  are  of  tremendous 
economic  importance  as  parasites  of  man  and  his  domestic  animals. 
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The  Characteristics  of  the  Phylum. — One  of  the  chief  dis- 
tinguishing characteristics  of  the  members  of  this  phykim  is  their  pos- 
session of  elongated,  dorsoventrally  flattened  bodies.  In  general,  the 
free-living  forms  have  a  cellular,  one-layered,  soft,  ciliated  epidermis. 
In  the  parasitic  forms,  a  secreted  cuticle  covers  the  body.  This  is  at 
times  very  heavy  and  possesses  hooks  and  spines  for  attachment  to  the 
host.  All  forms  have  some  method  of  attachment  to  a  substrate.  In  the 
free-living  forms,  it  is  simply  glandular  patches  w^hich  secrete  sticky 
substances;  in  the  parasitic  species,  it  is  the  hooks  and  spines  or  well- 
developed  suckers. 

While  radial  symmetry  has  been  successfully  exploited  by  the 
coelenterates  and  ctenophores,  it  does  not  allow  the  diversification 
that  bilateral  symmetry  does.  The  members  of  this  phylum  are  the 
first  to  show  this  latter  type  of  symmetry;  with  it,  they  have  other 
definite  advances  over  the  radiate  phyla.  Accompanying  bilateral 
symmetry  and  associated  with  it  is  cephalization,  that  is,  a  head  region 
with  sense  organs  and  nervous  tissue  concentration  is  developed. 

Unlike  many  of  the  higher  invertebrates  and  all  the  vertebrates, 
there  is  no  body  cavity  in  these  forms.  Instead,  the  space  between  the 
■digestive  tract  and  the  body  wall  is  filled  with  a  loose  mesenchyme 
known  as  parenchyma;  thus  there  is  no  body  cavity  and  the  flatworms 
are  included  among  the  acoelomates. 

The  digestive  tract,  like  that  of  the  coelenterates,  is  in  reality  a 
gastrovascular  cavity;  however,  it  is  much  branched  and  reaches  to 
nearly  all  parts  of  the  body.  It  consists  of  a  mouth,  a  pharynx,  and 
the  branched  intestine.  There  is  no  definite  anus.  In  some  forms  there 
is  no  digestive  tract,  and  food  is  either  absorbed  through  the  body  wall 
or  is  passed  from  the  mouth  directly  into  the  inner  cell  mass. 

Among  the  ctenophores,  the  mesoderm  was  first  utilized  for  the 
formation  of  specialized  tissue,  the  muscle  cells.  It  is  among  the  flat- 
worms,  however,  that  the  first  real  exploitation  of  the  possibilities  of 
organ  formation  from  mesoderm  appears.  In  contrast  to  the  rather 
simple  musculature  of  the  ctenophores,  that  of  the  flatworms  is  differ- 
entiated into  several  layers :  circular,  longitudinal,  and  diagonal  fibers 
which  are  found  below  the  epidermis  and  in  the  mesenchyme.  Other 
muscle  fibers  are  important  elements  of  the  pharynx  and  reproductive 
ducts.     These  fibers  are  of  the  smooth  muscle  type. 

The  head  region  is  usually  well  differentiated  in  the  members  of 
the  phylum.  Often  it  is  separated  from  the  remaining  portion  of  the 
body  by  a  slight  constriction.     Among  the  free-living  forms,  there  are 
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definite  sense  organs  developed,  and  among  all  there  is  concentration 
of  nervous  tissue.  There  is  a  pair  of  cerebral  ganglia  which  constitute 
the  "brain."  From  it,  two  or  more  longitudinal  cords  pass  posteriorly ; 
these  are  connected  by  cross  connections  and  the  whole  system  resembles 
a  ladder.  This  concentration  of  nervous  tissue  again  represents  a  con- 
siderable advance  over  that  found  in  the  coelenterates  and  ctenophores 
where  there  was  only  a  diffuse  network  of  neurons. 

While  there  is  no  specialized  system  for  either  circulation  or  respira- 
tion, the  excretory  system  is  well  developed.  It  is  of  the  protonephridial 
type.  In  this,  each  individual  protonephridium  is  a  flame  cell  (Fig. 
134,5).  A  flame  cell  consists  of  an  elongated  cell  with  a  central  cavity; 
within  this  central  cavity  are  long  cilia  which  beat  to  create  currents. 
Water  gathered  by  these  cells  is  then  passed  into  collecting  tubes  which 
gradually  combine  to  form  larger  ducts.  These  ducts  open  to  the  outside 
through  special  pores  or  at  times  they  open  into  a  contractile  bladder. 
The  materials  are  moved  along  the  larger  ducts  by  the  currents  created 
by  small  flame  cells  recessed  within  the  walls.  From  various  experi- 
ments, it  appears  that  the  chief  function  of  this  system  is  that  of  osmo- 
regulation. This  conclusion  is  based  on  several  carefully  done  experi- 
ments and  also  on  the  fact  that  this  system  is  not  so  well  developed  in 
the  flatworms  dwelling  in  marine  and  brackish  water.  Thus  in  its 
activity  the  protonephridal  system  can  probably  be  compared  to  the 
contractile  vacuole  of  the  protozoans. 

The  flatworms  are  nearly  aways  hermaphroditic,  but  cross  fertiliza- 
tion normally  occurs.  The  gonads  are  formed  from  mesenchymal  cells 
and  primitively  consist  of  many  scattered  masses  of  cells.  In  more 
advanced  types,  these  masses  are  reduced  to  a  few  larger  gonads ;  com- 
monly the  testes  remain  scattered  while  the  ovaries  coalesce  into  one  or 
two  larger  masses.  The  ovary  proper  is  separated  from  the  yolk  glands 
so  that  the  yolk  cells  produced  are  separate  from  the  egg  cells.  A  com- 
plicated series  of  ducts  has  evolved  within  the  phylum  for  carrying  the 
sex  products.  Usually  there  is  a  pair  of  oviducts  and  a  pair  of  sperm 
ducts.  These  may  unite  and  pass  out  through  a  common  genital  pore 
or  may  have  separate  openings.  Well-developed  copulatory  apparatuses 
often  are  present  at  the  end  of  the  sperm  ducts.  These  may  be  protru- 
sible  penises  or  cuplike  sacs  provided  with  spines. 

Asexual  reproduction  is  commonly  employed.  The  free-living  forms 
are  able  to  fragment  or  to  divide  by  transverse  fission.  Remarkable 
regeneration  abilities  make  possible  the  success  of  this  method. 
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The  Classes   of  Platyhelminthes. — There  are   three   recognized 
classes  in  this  rather  diverse  phykim  of  worms.    They  are : 

Class  I.  Turbellaria.  These  free-living  worms  have  undivided  bodies 
covered  with  a  soft  ciliated  epidermis.  An  intestine  is  usually  present.  Example : 
Dugcsia. 

Class  II.  Trenialoda.  Parasitic  flatworms  without  cilia  or  epidermis,  but 
covered  with  a  cuticle  which  is  provided  with  suckers  for  attachment.  The  bodies 
are  undivided,  and  they  have  a  digestive  tract.  Many  have  complex  life  cycles 
involving  more  than  one  host.     Example,  Fasciola  hcpatica,  the  sheep  liver  fluke. 

Class  III.  Cestoda.  Parasitic  flatworms  which  are  without  an  epidermis 
or  cilia,  lack  a  digestive  tract,  and  have  the  body  covered  with  a  cuticle.  The 
body  is  divided  into  segments  which  usually  remain  together  as  a  long  chain. 
One  of  these  segments  is  modified  for  attachment  to  the  host.  Often  these  forms 
have  complicated  life  cycles  involving  more  than  one  host.  Nearly  all  are 
parasitic  only  in  vertebrates.     Example:     pork  tapeworm  of  man,  Taenia  solium. 

THE  CLASS  TURBELLARIA 

The  members  of  this  class  are  usually  small,  free-living  forms  which 
abound  in  both  fresh  and  salt  waters.  A  few  forms  are  terrestrial  but 
have  high  moisture  requirements,  and  are  confined  to  tropical  and  sub- 
tropical areas. 

The  members  of  the  common  fresh- water  genus,  Ditgesia,  are  often 
studied  as  representatives  of  this  class.  This  is  the  form  referred  to  as 
planaria  which  formerly  bore  the  generic  name  of  Euplanaria. 

The  Anatomy  of  Planaria.— The  members  of  the  genus  Dugesia 
are  small,  gray,  flattened  worms  of  about  15  mm.  length.  The  head  end 
is  easily  distinguished  as  it  is  somewhat  triangular  in  shape  and  has 
small  lateral  projections.  The  eyes  are  placed  close  to  the  median 
line  on  the  dorsal  surface  of  the  "head."  The  mouth  is  ventral,  near 
the  central  portion  of  the  body.  The  protrusible  pharynx  is  extruded 
through  the  mouth  to  obtain  food.  The  genital  pore  is  just  posterior 
to  the  mouth.  On  the  dorsal  surface  are  minute  excretory  pores  which 
are  located  near  the  lateral  margin,  but  are  very  difficult  to  see. 

The  body  wall  of  planaria  consists  of  the  outer  single-celled  epi- 
dermis formed  of  cuboidal  cells  with  cilia  on  their  ventral  surfaces. 
Possibly  these  cilia  aid  in  locomotion.  Opening  between  the  cuboidal 
cells  of  the  epidermis  are  the  ducts  of  many  deep-lying  gland  cells. 
Other  cells  contain  rodlike  bodies  known  as  rhahdites,  whose  function 
is  unknown.  The  cells  containing  these  rhahdites  are  usually  deep- 
lying,  but  the  opening  is  on  the  surface  of  the  body.     Beneath  the  epi- 
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dermal  cells  is  a  thin  layer  of  elastic  tissue  known  as  the  elastic  base- 
ment membrane.  Interior  to  this  are  the  muscle  layers;  circular, 
longitudinal,  diagonal,  and  dorsoventral  fibers  can  be  seen.  All  spaces 
between  organs  are  filled  with  loose  connective  tissue  or  parenchyma. 


pharynx 


buccal  cavity         opening  of  pharynx 


brain 


eyespot 


enteron 


pharynx 


mouth 


lateral  nerve  cord 


testes 


opening  of  pharynx 


sperm  ,duct 


semmal  vesicle 
I 
I        penis 


commissure 


genital  pore 


ovary 


oviduct      yolk  gland  copulatory  sac 


genital  chamber 


excretory  pore 


flame  cells 


excretory  pore 


Fig.  133. — The  organ  systems  of  a  planarian.  A,  The  digestive  system;  B,  the 
nervous  system;  C,  the  reproductive  system,  including  both  male  and  female  or- 
gans; D,  the  excretory  system.     (From  Guyer:    Animal  Biology,  Harper  &  Brothers.) 
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The  cavity  of  the  protrusible  pharynx  leads  into  the  intestine.  The 
intestine  has  three  principal  branches,  two  posterior  and  one  anterior. 
All  portions  are  lined  with  columnar  epithelium.  From  the  main 
branches  lead  many  smaller  lateral  sub-branches  which  permit  the  food 
to  pass  into  all  regions.  The  digested  food  passes  from  cell  to  cell  by 
diffusion,  and  undigested  materials  are  ejected  through  the  opening  of 
the  pharynx  by  reverse  peristaltic  movements. 

The  tubes  of  the  excretory  system  ramify  throughout  the  entire 
body.    There  are  many  flame  cells  (Fig.  134,5)  in  all  regions. 
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Fig.  134. — The  planarian  worm,  Dugesia  sp.     A,  Dorsal  view  of  entire  worm;  B, 
flame  cell;  C,  cross  section  through  the  region  of  the  pharynx. 


The  nervous  system  consists  of  two  anterior  thickenings  of  nerve 
tissue  and  associated  nerves.  From  these  thickenings,  short  nerves  pass 
anteriorly  into  the  eyes,  and  two  longitudinal  nerve  cords  pass  posteriorly 
along  either  side.  Many  transverse  connections  between  these  two 
nerve  cords  give  a  ladderlike  appearance  to  the  system.  Small  peripheral 
nerves  originate  on  the  longitudinal  nerves  and  go  to  the  muscles  and 
epidermis. 
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Planaria  is  well  supplied  with  sense  organs  which  are  concentrated 
along  the  sides  of  the  body  and  in  the  head  region.  Most  conspicuous 
of  these  are  the  light-sensitive  eyes.  Each  is  formed  of  a  series 
of  light-sensitive  cells  lining  a  cuplike  pigmented  structure.  The  light- 
sensitive  cells  are  bipolar  and  have  expanded  ends  projecting  into  the 
pigmented  cup.  The  "ears"  or  auricles  are  well  supplied  with  sensory 
cells  and  are  probably  sensitive  to  both  chemical  and  tactile  stimuli. 

Like  most  flatworms,  the  planarians  are  hermaphroditic.  The 
sperm  are  produced  by  several  hundred  minute,  spherical  testes  located 
along  both  sides  of  the  worm.  Each  testis  has  a  small  vas  efferens 
which  connects  to  the  main  vas  dejerens.  There  is  one  vas  deferens 
on  each  side  of  the  body  and  these  two  enter  the  seminal  receptacle 
which  is  located  near  the  center  of  the  animal.  This  connects  to  the 
muscular  penis  which  in  turn  opens  into  the  genital  atrium  just  beneath 
the  genital  pore. 

The  female  system  consists  of  a  pair  of  ovaries  near  the  anterior 
end  of  the  animal.  These  connect  to  two  oviducts  which  parallel  the 
nerve  cord  along  each  side.  The  oviducts  join  in  the  median  vagina 
which  also  opens  into  the  genital  atrium.  A  median  seminal  receptacle 
or  copulatory  sac  opens  into  the  vagina.  Along  the  oviducts  are  many 
yolk  or  vitelline  glands  which  supply  the  developing  eggs  with  yolk  cells. 

The  Behavior  of  Planaria. — On  the  whole,  in  its  reactions  to 
factors  in  its  environment,  planaria  shows  a  much  higher  degree  of 
coordination  than  does  hydra.  Weak  stimuli  of  varying  types  result 
in  approaching  reactions,  while  strong  ones  result  in  avoiding  reactions. 
They  avoid  strong  illumination  and  are  most  active  at  night. 

The  ventral  cilia  aid  in  the  gliding  movements  of  these  animals. 
They  move  along  with  the  head  end  slightly  raised,  and  the  cilia  beat  with 
a  backward  stroke  against  the  slime  trail  left  by  the  glandular  secretions. 
Planarians  also  crawl  along  a  substrate  by  attaching  the  anterior  end  with 
slime  and  then  bringing  the  posterior  end  forward  by  muscular  con- 
tractions. In  an  aquarium  they  are  most  often  seen  moving  over  objects, 
along  the  glass  walls,  and  on  the  undersurface  of  the  water  film. 

Planaria  is  able  to  detect  food  within  its  vicinity.  If  small  pieces 
of  meat  are  placed  in  an  aquarium,  the  planarians  will  soon  gather  and 
start  feeding.  The  pharynx  actually  sucks  the  small  pieces  off  and 
passes  them  into  the  intestine.  Within  the  intestine,  digestion  is  intra- 
cellular.    There  are  enzymes  present  only  for  the  digestion  of  animal 


408         The  Animal  Kingdom 

foods.  Special  cells  lining  the  intestine  engulf  the  food  particles  by 
amoeboid  movements  and  digest  them  in  food  vacuoles. 

Reproduction  in  planaria  is  both  sexual  and  asexual.  During 
mating,  two  planarians  approach  and  there  is  a  brief  courtship  consisting 
of  body  contact.  During  copulation,  the  two  planarians  face  away  from 
one  another,  and  the  posterior  ends  are  raised  and  placed  together. 
The  penis  of  each  one  is  inserted  into  the  genital  pore  of  the  other.  The 
sperm  are  deposited  from  the  male  seminal  vesicle  of  one  copulant  into 
the  female  seminal  receptacle  of  the  other.  After  the  animals  separate, 
the  sperm  work  their  way  up  the  oviducts  and  fertilize  the  ripe  eggs  as 
they  come  from  the  ovary.  On  the  way  down  the  oviduct  the  zygotes 
and  yolk  cells  from  the  yolk  glands  are  combined.  A  capsule  is  secreted 
around  several  of  these,  and  this  capsule  is  later  fixed  to  some  object 
by  a  small  stalk.  After  a  period  of  time,  the  eggs  hatch  and  a  small 
planaria  emerges  from  each  one. 

Asexual  reproduction  occurs  by  means  of  simple  fission,  that  is, 
the  animal  is  able  to  divide  into  two  parts.  The  split  usually  occurs 
just  behind  the  pharynx  and  the  missing  parts  are  regenerated  by  each 
segment. 

Regeneration. — Regeneration  is  so  well  developed  among  these 
planarians  that  it  has  been  the  subject  of  many  experiments  and  labora- 
tory demonstrations.  A  worm  may  be  cut  into  many  small  segments  and 
if  properly  handled,  each  segment  will  regenerate  a  complete  worm. 
Regeneration  will  occur  if  the  worm  is  cut  either  transversely  or  longi- 
tudinally. Double-headed  planarians  may  be  produced  by  splitting  the 
anterior  end  and  leaving  the  rest  of  the  worm  intact.  If  a  transverse 
cut  is  made  directly  behind  the  sensory  lobes,  a  strange  animal  with  a 
head  at  both  ends  results. 

It  is  noted  in  these  regeneration  experiments  that  the  head  end  tends 
to  develop  first.  The  reason  for  this  has  been  shown  to  be  the  higher 
metabolic  rate  of  the  anterior  end.  There  is  an  actual  gradient  of  meta- 
bolic activity  along  the  axis  of  the  animal.  This  is  highest  at  the  head 
end.  The  anterior  end  of  any  cut  piece  will  regenerate  a  head,  while 
the  posterior  portion  regenerates  the  tail.  These  two  portions  may  be 
continguous  in  a  cut,  but  the  posterior  part  of  the  anterior  segment 
will  develop  into  the  tail,  the  anterior  part  of  the  next  segment  into  the 
head.  Thus  it  is  the  metabolic  relationships  of  each  cut  piece  that  de- 
termine what  develops.  This  axial  gradient  theory  has  been  used  to 
explain  many  processes  of  regeneration  and  embryonic  differentiation 
in  higher  forms. 
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Other  Turbellarians. — Besides  these  representatives  of  the  com- 
mon genus  Diigesia,  other  species  occur  in  both  fresh  and  salt  waters. 
Some  of  these  Hve  as  ectoparasites  or  commensals,  such  as  Bdelloura 
which  is  frequently  seen  crawling  over  the  booklungs  of  horseshoe  crabs. 
In  the  tropical  forests,  land  planarians  are  commonly  seen  leaving  their 
slime  trails  over  the  damp,  decaying  vegetation.  Some  of  these  are 
quite  large  and  many  are  variously  colored. 

One  order  of  this  class,  the  Acoela,  has  small  forms  ranging  from 
one  to  several  millimeters  in  length.  These  show  many  primitive 
characters  which  are  important  in  tracing  the  possible  evolution  of  the 
flatworms.  As  the  name  implies,  they  lack  an  intestine.  The  ventral 
mouth  either  leads  directly  into  or  through  a  short  pharynx  to  a  central 
mass  of  digestive  cells.    These  forms  also  lack  an  excretory  system. 

THE  CLASS  TREMATODA 

The  members  of  the  class  Trematoda  are  known  as  the  flukes. 
They  are  all  parasitic,  with  the  adults  mostly  occurring  in  vertebrates. 
Many  of  these  flukes  are  of  great  economic  importance  as  parasites  of 
man  and  his  domestic  animals.  There  are  two  principal  orders :  the 
Monogenea  and  the  Digenea. 

The  Monogenea,  commonly  called  the  monogenetic  trcmatodes,  are 
ectoparasites,  mostly  living  on  the  gills  or  skin  of  fish.  Their  life  cycles 
are  simple,  with  the  eggs  hatching  directly  into  young  worms  which 
attach  to  the  appropriate  host  and  grow  into  adults.  Sometimes  in  fish 
hatcheries,  these  worms  get  so  abundant  as  to  destroy  great  numbers  of 
young  fish. 

The  second  group,  the  Digenea  or  digenetic  trematodes,  have  com- 
plicated life  cycles  involving  several  changes  of  host.  The  animal  itself 
has  a  different  form  for  each  host,  and  often  for  the  stages  in  between. 
These  are  the  most  abundant  and  widespread  of  the  flukes  and  contain 
most  of  the  economically  important  forms. 

The  Life  History  of  the  Sheep  Liver  Fluke. — The  complexity 
of  the  life  cycles  of  the  digenetic  trematodes  is  illustrated  by  that  of  the 
sheep  liver  fluke,  Fasciola  hepatic  a.  The  disease  caused  by  this  fluke, 
liver  rot,  is  most  commonly  found  among  sheep  that  are  pastured  in 
moist  meadows,  and  is  found  in  many  sections  of  the  United  States  and 
Europe.  At  times  the  infestation  may  become  so  heavy  as  to  become 
fatal  to  the  host. 
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The  adult  of  Fasciola  hepatica  is  a  flattened  worm  found  in  the  bile 
duct  of  sheep.  This  arrowhead-shaped  animal,  20  to  30  mm.  in  length, 
is  constantly  producing  eggs  which  pass  down  the  bile  duct  into  the 
intestine,  and  out  with  the  feces  of  the  host.  These  eggs  have  heavy 
covers  which  resist  the  action  of  the  digestive  enzymes  of  the  host  and 
also  are  able  to  resist  considerable  drying  action  once  they  have  reached 
the  ground. 
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Fig.  135.4. — The  life  history  of  the  sheep  liver  fluke,  Fasciola  hepatica. 


Development  proceeds  in  the  egg  only  at  temperatures  above  SC  F. 
At  lower  temperatures,  however,  the  egg  will  remain  viable  for  several 
months.  In  warm,  moist  soils,  the  egg  develops  into  a  larval  form  in 
approximately  ten  days.  This  larval  form,  the  miracidium,  is  ciliated 
and  has  two  eyespots  and  a  pointed  anterior  end.  Nerve  ganglia  and 
protonephridia  are  present.  This  larva  is  free  swimming,  moving  about 
in  the  water  until  it  finds  a  suitable  snail  of  the  genus  Lymnaea.  If  a 
suitable  host  is  not  encountered  within  eight  hours,  the  miracidium  dies. 
Once  this  host  is  found,  however,  the  miracidium  burrows  into  the  soft 
tissues  and  enters  the  pulmonary  chamber  or  lymph  vessels.  Here  it 
loses  its  cilia  and  becomes  a  saclike  structure,  the  sporocyst.  Within  the 
sporocyst,  germ  cells  develop  parthenogenetically  into  the  next  stage. 
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the  redia.  There  are  three  to  eight  redia  within  each  sporocyst.  These 
rupture  the  sporocyst  and  migrate  to  the  liver  of  the  snail.  Each  redia 
is  also  a  saclike  structure,  but  in  addition  has  a  mouth  and  short  gut. 
For  a  short  time,  each  redia  is  capable  of  producing  parthenogenetically 
additional  redia.  Each  redia  finally  produces  several  larvae  of  another 
type,  the  cercariae.  In  some  instances,  the  original  redia  produces  cer- 
cariae  directly;  at  other  times,  the  mother  redia  produces  daughter 
rediae  which  produce  the  cercariae.  As  many  as  300  larvae  may  be  pro- 
duced in  this  way  from  a  single  tgg. 

The  individual  cercaria  bores  out  of  the  snail  and  becomes  free 
swimming.  The  cercaria  of  Fasciola  hepatia  is  a  disc-shaped  animal  with 
a  long  tail ;  it  has  an  oral  and  a  ventral  sucker.  After  a  few  hours,  the 
cercaria  attaches  to  a  piece  of  grass,  loses  its  tail,  and  produces  a  tough 
outer  covering.  This  cyst  is  now  known  as  the  metacercaria,  and  is  able 
to  remain  viable  for  several  months.  If  a  sheep  happens  to  eat  grass  on 
which  metacercariae  are  encysted,  the  metacercariae  pass  into  the  diges- 
tive tract  where  the  cyst  wall  is  digested  off  by  the  digestive  enzymes. 
The  worm  now  released  burrows  through  the  intestinal  wall  into  the 
coelom,  and  migrates  to  the  liver.  Here  it  becomes  an  adult,  and  the 
life  cycle  may  be  repeated. 

This  fluke  is  most  commonly  found  in  the  sheep,  but  may  occur  in 
cattle  and  has  been  reported  in  man. 

On  the  whole,  the  anatomy  of  the  adult  sheep  liver  fluke  is  very 
difficult  to  study  or  to  describe  as  the  development  of  the  coiled  uterus 
and  the  branched  intestine  obscures  most  of  the  details. 

The  Anatomy  of  Opisthorchis  Sinensis. — Fortunately  there  are 
several  forms  which  have  a  less  enlarged  uterus  and  anatomical  studies 
can  be  made  on  them.  Such  a  fluke  is  0 pisthorchis  sinensis  (formerly 
Clonorchis  sinensis),  the  adult  of  which  is  found  in  carnivores  in  the 
Orient.  Frequently  infections  are  also  found  in  human  beings  who  eat 
raw  fish. 

This  worm  attaches  by  means  of  two  external  suckers,  an  oral 
at  the  anterior  end  and  a  ventral  sucker.  The  digestive  tract  consists 
of  a  mouth  in  the  center  of  the  oral  sucker,  a  narrow  pre  pharynx,  a 
muscular  pharynx,  a  short  esophagus,  and  two  intestinal  cecae.  These 
intestinal  cecae  end  blindly  in  the  posterior  region  of  the  body.  The 
nervous  system  consists  only  of  a  small  ganglion  at  the  anterior  end 
of  the  body  and  a  few  longitudinal  nerves.  There  are  no  sense  organs, 
but  these  would  be  relatively  useless  in  an  animal  living  within  the  bile 
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Fig.  135B. — Anatomy  of  the  human  liver  fluke,  OpisthorcMs  sinensis. 


Phyla  Platyhelminthes  and  Nemertina        413 

duct  of  a  human  being.  For  excretion,  there  is  a  complex  system  of 
flame  cells  at  the  ends  of  multibranched  tubules.  These  smaller  tubules 
carry  their  wastes  into  two  collecting  tubes  which  empty  into  an  excre- 
tory bladder.  An  excretory  pore  is  at  the  end  of  the  bladder,  near  the 
posterior  portion  of  the  body. 

Both  male  and  female  organs  are  present  in  the  same  individual. 
There  are  two  irregularly  shaped  testes  located  in  the  posterior  part  of 
the  body.  From  the  testes,  two  vasa  efjerentia  pass  anteriorly  and  join 
to  form  the  vas  deferens.  The  vas  deferens  passes  into  a  cirrus  sac 
near  the  anterior  end ;  this  contains  the  seminal  vesicle  (an  enlargement 
of  the  vas  deferens)  for  the  storage  of  sperm,  a  mass  of  prostate  glands, 
and  the  cirrus  or  coptilatory  organ.  The  cirrus  may  be  extruded  through 
the  genital  pore  which  is  common  to  both  the  male  and  female  systems. 

The  female  system  consists  of  the  ovary  and  many  associated  ducts 
and  glands.  From  the  ovary,  a  short  oviduct  leads  to  a  bulblike  en- 
largement known  as  the  ootype.  Here  are  also  found  other  ducts  which 
likewise  enter  the  ootype.  These  ducts  are  a  yolk  or  vitelline  duct  from 
the  yolk  glands,  a  duct  from  the  seminal  receptacle,  and  Laurer's  canal. 
This  latter  canal  leads  to  a  dorsal  pore  and  recently  it  has  been  dem- 
onstrated that  it  may  serve  as  a  passageway  for  expelling  excess 
yolk.  Surrounding  the  ootype  is  a  cluster  of  glands,  the  Mehlis's 
gland  which  may  contribute  to  the  production  of  the  eggshell.  The 
yolk  is  furnished  by  a  series  of  yolk  glands  or  vitellary  along  each 
side  of  the  body.  These  are  connected  by  small  ducts  to  a  single 
large  duct  on  each  side  which  unites  to  form  the  common  yolk  duct 
which  enters  the  ootype.  After  the  eggs  are  fertilized,  they  enter  the 
region  of  the  ootype  where  the  yolk  is  added,  and  the  shell  is  put  on. 
When  the  eggs  have  been  completed  in  the  ootype,  they  enter  the  long 
coiled  uterus,  which  leads  to  the  anterior  genital  pore.  The  distal  por- 
tion of  the  uterus  may  have  special  muscular  walls.  It  is  probable  that 
the  sperm  make  their  way  through  the  uterus  and  the  oviduct  to  fertilize 
the  egg.  In  some  as  many  as  25,000  eggs  a  day  may  pass  from  a  single 
fluke. 

The  Life  Cycle  of  Opisthorchis  Sinensis. — Throughout  the 
Orient,  this  is  an  important  human  parasite.  The  life  cycle  is  com- 
plicated, but  quite  similar  to  that  of  F.  hepatica.  The  eggs  escaping 
from  the  infected  individuals  are  eaten  by  snails,  and  within  them,  the 
miracidium  hatches  and  develops  into  sporocysts  and  rediae,  reproducing 
in  the  usual  manner.    The  cercariae  produced  by  the  rediae  escape  from 
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the  snails,  and  then  swim  about  until  they  find  a  suitable  fish  host,  usually 
a  minnow  or  carp.  They  bore  into  the  flesh  or  at  times  under  the  scales, 
and  the  metacercariae  develop.  Human  beings  eating  uncooked  fish 
ingest  the  parasite.  Within  a  few  hours,  the  metacercariae  are  liberated 
and  the  fluke  is  at  home  within  the  bile  duct.  Continued  infections  pro- 
duce all  manner  of  complications  by  clogging  the  bile  duct  and  producing 
liver  cirrhosis.  Often  the  pancreas  is  likewise  infected.  Extreme  in- 
fections as  may  occur  gradually  result  in  debilitation  of  the  person,  and 
bacterial  infections  are  easily  acquired. 

This  life  cycle  may  at  first  sight  seem  so  complicated  as  to  be  very 
difiicult  to  complete.  But  human  habits  and  the  life  cycle  of  Opisthorchis 
sinensis  work  very  nicely  together.  Throughout  the  Orient,  the  latrines 
are  placed  over  the  fish  ponds.  The  feces  simply  fall  into  the  water ; 
the  snails  and  fish  are  already  there  and  flourish  on  the  free  meals.  Fuel 
is  a  scarce  commodity,  and  anyway  people  love  their  raw  fish  with  sliced 
vegetables.  Thus  the  life  history  goes  merrily  along,  and  has  little 
chance  of  being  stopped  in  the  congested,  tradition-bound  Orient. 

Other  Parasitic  Flukes. — Other  human  parasites  are  lung  flukes 
of  the  genus  Paragonimus.  These  are  chiefly  found  in  the  Orient,  but 
are  known  from  Yucatan  and  Peru.  The  adults  of  this  fluke  live  in  the 
bronchial  passages  of  the  lungs  and  liberate  their  eggs  which  are  then 
passed  out  with  the  sputum.  Miracidia  develop  from  the  eggs  and 
hatch  in  about  three  weeks'  time.  If  these  miracidia  find  a  suitable 
snail,  they  burrow  in  and  produce  sporocysts  and  rediae.  About  seventy 
or  eighty  days  later,  the  cercariae  escape  and  creep  in  a  leechlike  manner. 
If  they  find  a  suitable  host,  preferably  a  fresh-water  crab  or  cray- 
fish, they  encyst  and  produce  metacercariae  in  the  muscles  or  heart 
region.  If  an  uncooked  and  infected  crab  or  crayfish  is  eaten,  the 
worms  are  liberated  in  the  intestine,  burrow  into  the  abdominal  cavity, 
and  make  their  way  through  the  diaphragm  into  the  lungs.  The  general 
symptoms  of  infection  of  Paragonimus  are  somewhat  similar  to  those 
of  tuberculosis,  that  is,  the  sputum  has  blood  in  it  and  there  is  much 
intermittent  coughing.  Some  discomfiture  also  is  usually  experienced. 
The  infection  is  not  fatal,  and  may  persist  for  many  years. 

Related  forms  with  similar  life  histories  are  serious  pests  of  mink 
and  other  fur-bearing  carnivores  of  our  northern  fur  farms. 

Another  human  parasite  of  the  Orient  is  Fasciolopsis  biiski.  The 
adult  of  this  fluke  lives  in  the  intestine  of  man  and  pigs.  The  eggs 
pass  out  with  the  feces,  the  miracidia  bore  into  a  suitable  snail  host, 
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and  the  sporocysts  and  rediae  develop.  The  cercariae  swim  about 
for  a  very  short  time  (one  to  three  hours)  and  encyst  upon  some 
aquatic  plant.  Infections  occur  when  uncooked  water  nuts  or  water 
chestnuts  are  eaten.  At  times  there  may  be  thousands  of  cysts  upon  a 
single  nut.  The  use  of  night  soil  for  the  fertilization  of  the  ponds 
where  these  plants  are  grown  ensures  the  continuance  of  this  interest- 
ing parasite. 

Actually  the  most  important  group  of  flukes  which  parasitize  human 
beings  is  that  of  the  schistosomes  or  hlood  flukes.  These  differ  markedly 
from  the  other  flukes  inasmuch  as  the  sexes  are  separate.  The  male  is  in 
some  species  about  8  to  16  mm.  long  and  appears  cylindrical.  Actually 
it  is  a  flattened  animal,  but  the  sides  of  the  body  are  folded  toward 
the  midline,  forming  a  protected  groove.  The  slender  female  is  carried 
in  this  groove.  In  some  species,  the  female  remains  permanently  in 
this  position,  in  others  she  makes  periodic  excursions  for  the  deposition 
of  eggs.  The  worms  usually  live  in  the  mesenteric  blood  vessels  where 
the  food  supply  is  particularly  abundant.  The  female,  in  most  cases, 
migrates  to  as  small  a  blood  vessel  as  she  can  enter.  Here  she  deposits 
her  spined  eggs.  These  eggs  work  their  way  into  the  wall  of  the 
intestine  or  bladder.  They  are  then  expelled  with  the  urine  or  feces. 
When  diluted  with  water,  the  eggs  quickly  hatch  into  miracidia  which 
burrow  into  suitable  snail  hosts.  Here  they  elongate  and  become  sporo- 
cysts. These  produce  daughter  sporocysts  which  repeatedly  develop 
and  expel  forked-tailed  cercariae.  Because  the  sporocysts  do  not  die, 
but  continue  to  produce  new  cercariae,  tremendous  numbers  may  be  de- 
veloped from  a  single  miracidium.  These  cercariae  escape  into  the  water 
and  burrow  into  the  skin  of  individuals  who  are  swimming  in  infected 
waters.  The  larvae  work  their  way  into  the  blood  system,  pass  through 
the  heart  and  lungs,  finally  appearing  in  the  liver.  Here  they  feed  on 
portal  blood,  develop  into  adult  individuals,  and  finally  enter  the 
mesenteric  veins. 

The  diseased  condition  resulting  from  an  infection  is  known  as 
schistosomiasis,  or  at  times  as  hilharsiasis. 

Three  species  which  infect  human  beings  are  important,  and  these 
occur  in  Africa,  the  Near  E^st,  the  Orient,  parts  of  southern  Europe, 
and  the  New  World  tropics.  In  infected  individuals,  they  do  consider- 
able damage  and  are  often  fatal.  In  Egypt,  for  example,  the  percentage 
of  infection  among  the  poorer  groups  may  run  as  high  as  85  per  cent 
and  in  some  areas  directly  account  for  10  per  cent  of  deaths. 
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THE  CLASS  CESTODA 

Another  class  of  phatyhelminthes  that  is  entirely  parasitic  is  that 
containing  the  tapeworm  and  known  as  the  Cestoda.  The  adults  are 
always  parasitic  in  the  intestines  of  vertebrates.  None  possesses  a  di- 
gestive tract  as  they  absorb  carbohydrates  directly  from  the  partially 
digested  food  of  the  host.  It  is  believed  that  the  other  food  require- 
ments may  be  absorbed  from  the  mucous  membranes  of  the  host.  The 
life  cycle  of  the  tapeworms  involves  two  hosts,  with  the  larval  stage 
being  in  an  arthropod  or  in  another  vertebrate. 

The  Anatomy  of  an  Adult  Tapeworm. — An  individual  tape- 
worm consists  of  an  anterior  scolex  and  a  chain  of  segments  or  pro- 
glottids.  The  scolex  is  highly  modified  for  attachment  to  the  host  and 
may  have  either  suckers,  hooks,  or  both.  Behind  the  scolex  is  a 
narrow  neck  region  where  the  proglottids  are  constantly  being  formed. 
Most  of  the  worm  consists  of  a  linear  series  of  these  segments  or  pro- 
glottids. The  young  proglottids  which  are  present  just  posterior  to 
the  neck  are  largely  undifferentiated.  Behind  these,  the  proglottids 
gain  in  sexual  maturity  until  those  of  the  middle  area  are  sexually 
mature  and  have  a  complete  set  of  organs.  Beyond  this,  the  organs 
degenerate  until  the  posterior  gravid  proglottids  contain  little  more 
than  the  greatly  enlarged  uterus  with  its  masses  of  eggs.  These  distal 
segments  gradually  break  off  and  pass  out  with  the  feces  of  the  host. 
Some  of  these  chains  of  proglottids  may  be  many  feet  in  length. 

There  is  some  nervous  coordination  in  the  whole  tapeworm.  This 
is  accomplished  by  means  of  a  few  ganglia  and  commissures  in  the 
scolex.  From  these  ganglia,  longitudinal  nerve  cords  pass  the  entire 
length  of  the  worm.  When  an  individual  segment  does  pass  out  with 
the  feces,  it  shows  ability  to  move  and  some  sensitivity  to  stimuli. 

In  most  details,  the  excretory  system  is  quite  similar  to  that  of 
the  flukes.  It  is  composed  of  two  pairs  of  lateral  tubes  joined  at  the 
posterior  end  of  the  proglottid  by  a  transverse  tube.  From  these  main 
canals  smaller  tubules  pass  into  the  parenchymatous  tissue  and  branch 
into  many  smaller  tubes,  each  ending  in  a  flame  cell. 

Other  than  these  few  structures,  the  organs  of  each  proglottid  are 
entirely  concerned  with  reproduction.  In  each  proglottid  there  is  a 
complete  set  of  male  and  female  organs. 

The  male  system  consists  of  many  small  scattered  testes,  each  of 
which  is  connected  by  very  tiny  tubes  to  the  main  sperm  duct,  the  vas 
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deferens.  The  vas  deferens  is  usually  much  coiled,  and  often  has  an 
enlargement  for  sperm  storage,  the  seminal  vesicle.  The  vas  deferens 
ends  in  an  intermittent  organ,  the  cirrus  which  is  retractile  into  the 
cirrus  sac.  The  cirrus  opens  into  a  cup-shaped  structure,  the  genital 
atrium,  which  has  a  pore  on  the  surface. 


ONGITUOINAL 
\   NERVE 


PBOGLOTTIO. 


Fig.  136. — The  pork  tapeworm,  Taenia  solium.  A,  Scolex;  B.  mature  proglottid; 
C,  gravid  proglottid;  D,  egg  with  oncosphere  (six-hooked  embryo)  inside;  E,  cysti- 
cercus  (bladder  worm)   that  encysts  in  muscle;  F,  cysticercus  with  scolex  everted. 


The  female  system  has  a  single  or  multilobed  ovary.  As  in  the 
fluke,  the  ovary  is  connected  by  a  short  oviduct  with  the  ootype.  Also 
entering  the  ootype  is  the  duct  of  the  yolk  gland  and  the  vagina.  The 
vagina  is  connected  to  the  same  genital  pore  used  by  the  male  system, 
and  sperm  probably  pass  down  the  vagina  to  the  ootype.  In  the  ootype 
the  egg  is  fertilized,  the  yolk  is  added  from  the  yolk  gland,  and  the 
shell  from  the  shell  gland  that  is  also  associated  with  the  ootype.  From 
the  ootype,  the  fertilized  egg  passes  into  the  large  uterus.  Self-fertili- 
zation or  fertilization  between  adjacent  proglottids  may  occur.  As 
the  eggs  are  produced  and  passed  into  the  uterus,  the  uterus  enlarges, 
gradually  displacing  the  other  structures  which  soon  degenerate.  As 
a  result,  the  mature  gravid  proglottid  is  nothing  but  a  sac  of  eggs. 
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The  Life  Cycle  of  Taenia  Solium. — One  common  tapeworm  that 
affects  human  beings,  in  all  parts  of  the  world  is  Taenia  solium,  the  pork 
tapeworm.  The  eggs  develop  in  the  mature  proglottid  which  breaks 
off  and  passes  out  with  the  feces  of  the  host.  Under  favorable  condi- 
tions, the  proglottid  ruptures,  the  eggs  escape,  and  are  dispersed  on 
the  ground.  Here  the  larvae  within  the  ^gg  continue  their  develop- 
ment until  a  six-hooked  embryo  or  oncosphere  (Fig.  136,Z)),  is  pro- 
duced. There  is  no  further  development  unless  the  ^gg  is  picked  up  by 
the  proper  intermediate  host,  usually  a  pig.  When  eaten  by  a  pig, 
the  digestive  juices  dissolve  the  shell,  and  the  six-hooked  embryo  bur- 
rows through  the  wall  of  the  digestive  tract  into  the  circulatory  sys- 
tem. Here  it  is  carried  to  the  voluntary  muscles  where  it  forms  a 
cyst.  This  cyst  enlarges,  filling  with  fluid,  and  is  primarily  a  hollow 
sac  or  bladder  known  as  a  bladder  ivorm  or  cystic ercus  (Fig.  \Z6,E 
and  F).  Projecting  into  the  hollow  area  is  a  papilla  in  which  a 
scolex  with  hooks  and  suckers  develops.  Further  development  stops 
unless  infected  uncooked  pork  is  eaten  by  man,  in  which  case,  the 
scolex  everts,  the  bladder  disappears,  and  a  new  worm  develops. 
This  worm  soon  starts  budding  off  proglottids,  and  may  attain  as  much 
as  10  feet  in  length. 

One  of  the  interesting  aspects  of  this  tapeworm  is  the  fact  that 
man  is  the  only  known  definitive  host  for  the  adult ;  however,  the 
cysticercus  may  occur  in  a  great  number  of  animals,  including  man, 
monkeys,  camels,  and  dogs.  The  presence  of  the  cysticercus  in  volun- 
tary muscle  or  in  delicate  tissues  such  as  the  eye  and  brain  may  cause 
very  serious  conditions.  Removal  is  extremely  difficult.  Self-infection 
may  occur  by  uncleanly  habits  or  by  reverse  peristalsis  carrying  the 
proglottids  into  the  stomach.  Within  the  stomach,  the  eggshell  could 
be  digested  off. 

Other  Important  Tapeworms. — The  beef  tapeworm  of  man. 
Taenia  saginata,  has  a  life  history  practically  identical  with  that  of  the 
pork  tapeworm  except  that  the  secondary  hosts  are  cattle.  These  tape- 
worms may  attain  lengths  as  great  as  50  feet  with  20  to  30  feet  being 
more  common.  Ordinarily  man  does  not  serve  as  an  accidental  sec- 
ondary host. 

Dibothriocephalus  latiis  (formerly  Diphyllobothrium  latum)  (Fig. 
\37,A-E)  is  the  largest  known  tapeworm  to  infect  man.  Some  of  these 
attain  lengths  up  to  60  feet  and  may  have  4,000  proglottids !  The  infec- 
tion occurs  from  eating  uncooked  fish  that  carry  the  parasites.     As  is 
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usual  the  mature  proglottids  pass  out  of  the  host  with  the  feces.  The 
eggs  contain  ciHated  embryos,  the  coracidia  (Fig.  137,5),  which  are  re- 
leased in  about  ten  days'  time.  Unless  the  embryos  are  consumed  within 
twenty-four  hours  by  a  small  crustacean,  a  copepod,  they  will  die.  Once 
the  coracidium  is  eaten,  however,  it  loses  its  cilia  and  bores  through  the 
body  cavity  of  the  crustacean.  Soon  this  embryo  elongates  and  develops 
hooks  at  the  posterior  end.     It  is  now  known  as  a  procercoid   (Fig. 


Fig.  137. — Structure  and  life  history  stages  of  some  tapeworms.  A-E,  Diboth- 
riocephalus  latus:  A,  scolex,  B,  coracidium,  C,  young  procercoid;  D,  mature  pro- 
cercoid; E,  plerocercoid.  F-G,  Echinococcus  granulosus:  F,  adult;  G,  section  of 
hydatid  cyst. 

137,C  and  D).  If  the  copepod  is  eaten  by  a  fish,  this  procercoid  grad- 
ually gets  to  the  liver  of  the  fish  and  then  works  its  way  out  to  the  flesh 
of  the  animal  where  it  becomes  a  wormlike  plerocercoid  larva  (Fig. 
137,£).  If  infected  uncooked  fish  are  eaten,  the  plerocercoid  develops 
into  the  adult  in  the  human  intestine.  The  pike  and  pickerel  are  the 
favorite  hosts  in  the  northern  portion  of  the  United  States. 

Echinococcus  granulosus   (Fig.   137,F  and  G)    is  a  minute  tape- 
worm  commonly   found    in   the    intestine   of   dogs,    cats,    wolves,    and 
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other  carnivores.  It  is  not  a  particularly  dangerous  tapeworm; 
however,  the  cysticercus  is  able  to  form  cysts  containing  large  numbers 
of  scolices.  These  large  cysts  are  known  as  hydatid  cysts.  Daughter 
cysts  may  also  be  produced  and  scattered  to  other  areas.  Often  these 
attain  tremendous  sizes  and  can  cause  a  great  deal  of  damage,  and  may 
even  be  fatal.  The  normal  secondary  host  is  sheep  or  cattle,  but  man  may 
become  an  accidental  secondary  host  by  too  close  association  with  his 
domesticated  dog  or  cat.  Frequently  these  cysts  develop  in  the  liver, 
kidneys,  spleen,  heart,  brain,  or  muscle.  The  only  possible  treatment 
is  removal  by  surgical  means.  Prevention  consists  chiefly  of  keep- 
ing pets  from  eating  waste  parts  of  slaughtered  animals  from  which 
they  can  normally  become  infected. 

All  of  the  tapeworms  so  far  discussed  have  required  intermediate 
hosts  for  the  completion  of  their  life  cycles.  There  is  one  form, 
Hyinenolepis  nana,  commonly  found  in  children  which  is  able  to  com- 
plete its  life  cycle  in  a  single  host.  This  is  a  very  tiny  tapeworm,  about 
10  to  45  mm.  in  length.  The  eggs  when  ingested  hatch  into  larvae 
which  quickly  burrow  into  the  tips  of  the  anterior  villi.  Here  they 
develop  into  the  cysticercoids  which,  when  mature,  escape  into  the 
lumen  of  the  intestine.  Here  they  attach  and  grow  to  maturity.  This 
worm  is  more  common  in  children  than  in  adults  and  immunity  to  it 
develops  readily. 

ADAPTATIONS  TO  PARASITIC  LIFE 

The  flukes  and  tapeworms  show  vividly  the  adaptations  which 
an  animal  must  make  to  a  completely  parasitic  life.  They  lack  sense 
organs,  organs  of  locomotion,  and  possess  suckers  or  hooks  for  at- 
tachment. Their  digestive  systems  are  often  reduced,  or  in  the  case  of 
the  tapeworm,  lacking  entirely.  Complicated  life  cycles  ensure  the 
reaching  of  the  correct  host.  Along  with  this,  they  have  developed 
tremendously  their  powers  of  reproduction.  Thus  while  their  complex 
life  cycles  mean  that  most  eggs  will  never  reach  maturity,  the  tre- 
mendous number  produced  ensures  the  continuation  of  the  species. 
They  have  developed  mechanisms  to  enable  them  to  live  bathed  in  the 
digestive  juices  of  their  hosts.  This  they  do  either  by  cuticula  im- 
pervious to  the  digestive  juices  or  by  enzymes  which  counteract  the 
effect  of  these  destructive  juices. 

From  this  brief  survey  of  the  parasites,  it  would  appear  that 
control  of  them  would  be  essentially  a  matter  of  improved  sanitation. 
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The  proper  disposal  of  sewage,  the  careful  cooking  of  food,  and  the 
avoidance  of  raw  vegetables  all  seem  comparatively  simple.  However, 
carelessness,  ignorance,  and  eating  habits  are  hard  things  to  change, 
and  no  doubt  the  life  cycles  shall  continue  in  the  age-old  manner. 

THE  PHYLUM  NEMERTINA 

The  members  of  this  phylum  are  flattened,  slender  worms,  vary- 
ing in  length  from  a  few  millimeters  to  more  than  60  feet.  Due  to 
their  flattened  appearance,  they  are  commonly  called  ribbon  worms. 
Most  of  the  species  are  free-living,  marine  forms  although  there  are 
a  few  fresh- water  species.  A  few  are  parasitic  on  marine  invertebrates. 
In  the  ocean  they  occur  from  the  intertidal  zone  to  deep  water,  where 
they  live  in  the  bottom  material  and  feed  on  smaller  invertebrates. 


SENSORY  OnOAN. 


Fig.  138. — The  nemertine  Cerebratulus.     A,  Anterior  end;  B,  pilidium  larva. 

The  Characteristics  of  the  Phylum. — Like  the  platyhelminthes, 
these  worms  are  without  a  body  cavity  and  have  the  spaces  between 
the  body  wall  and  intestine  filled  with  parenchymatous  tissue.  Also 
like  the  flatworms  they  possess  a  prctonephridial  system  with  flame 
cells,  a  nervous  system,  and  sense  organs  of  similar  structure,  a  ciliated 
epidermis,  and  remarkable  powers  of  regeneration.  Unlike  the  flat- 
worms,  they  possess  a  complete  digestive  tract  (with  both  mouth  and 
anus),  a  closed  circulatory  system,  and  an  eversible  proboscis  dorsal 
to  the  digestive  tract. 

The  closed  circulatory  system  is  a  unique  feature  for  an  animal  of 
this  grade  of  construction.  It  consists  of  two  kinds  of  channels :  blood 
vessels  and  lacunae,  spaces  in  the  parenchyma  which  are  lined  with 
a  delicate  membrane.    A  pair  of  lateral  vessels  along  the  digestive  tract 
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connect  to  cephalic  and  anal  lacunae.  In  some  there  is  a  mid-dorsal 
vessel  which  connects  with  the  lateral  ones.  The  blood  is  most  often 
colorless,  but  may  be  green,  orange,  yellow,  or  red.  The  red  color 
is  shown  to  be  due  to  hemoglobin  which  is  contained  within  definite 
blood  corpuscles. 

The  nervous  system  also  has  some  unique  features,  including  in 
some  species  a  mid-dorsal  nerve  cord.  The  eversible  proboscis  is 
contained  within  the  proboscis  sheath  which  is  just  anterior  and  dorsal 
to  the  digestive  system.  At  one  end  of  the  sheath  is  the  proboscis  pore 
through  which  the  proboscis  everts  in  a  manner  similar  to  the  ever- 
sion  of  the  finger  of  a  rubber  glove.  The  form  of  the  proboscis  is 
highly  variable  and  often  it  is  armed  with  spines. 

Most  of  the  nemertines  are  dioecious,  that  is,  with  separate  sexes. 
The  gonads  are  simple  sacs  present  between  the  lateral  intestinal 
pouches.  These  open  directly  to  the  body  surface  when  the  germ 
cells  mature.  The  eggs  develop  by  determinate  cleavage  into  a  free- 
swimming  larval  stage,  the  pilidinm.  This  stage  is  suppressed  in  some 
species  and  development  is  direct. 

Certainly  these  worms  represent  the  most  specialized  development 
of  the  acoelomate  type  of  construction. 

Cerebratulits  is  one  form  commonly  found  along  our  east  coast. 


CHAPTER  23 

THE  PHYLUM  NEMATHELMINTHES 
AND  RELATED  PHYLA 


The  worms  of  this  phylum,  commonly  known  as  the  nematodes, 
can  be  easily  separated  from  those  of  the  other  worm  phyla  by  their 
slender,  pointed,  threadlike  bodies.  With  but  few  exceptions,  they 
are  very  tiny  with  both  free-living  and  parasitic  species  usually  under 
a  millimeter  in  length ;  however,  a  few  parasitic  species  do  attain 
lengths  as  great  as  a  meter. 

The  nematodes  are  among  the  most  abundant  of  all  animals.  They 
live  everywhere ;  in  fact,  it  has  been  estimated  that  an  acre  of  good 
soil  may  contain  3,000,000,000  nematodes.  They  are  found  not  only 
in  the  soil,  but  in  both  fresh  and  salt  waters,  in  the  roots,  stems,  and 
leaves  of  plants,  and  as  parasites  in  the  organs  of  nearly  all  species  of 
animals.  Dr.  Cobb,  an  authority  on  this  group,  has  dramatically 
summarized  their  abundance  as  follows : 

"In  short,  if  all  the  matter  in  the  universe  except  the  nematodes 
were  swept  away,  our  world  would  still  be  dimly  recognizable,  and 
if,  as  disembodied  spirits,  we  could  then  investigate  it,  we  should  find 
its  mountains,  hills,  vales,  rivers,  lakes,  and  oceans  represented  by  a 
film  of  nematodes.  The  location  of  towns  would  be  decipherable 
since  for  every  massing  of  human  beings  there  would  be  a  correspond- 
ing massing  of  certain  nematodes.  Trees  would  still  stand  in  ghostly 
rows  representing  our  streets  and  highways.  The  location  of  the  vari- 
ous plants  and  animals  would  still  be  decipherable,  and,  had  we  suffi- 
cient knowledge,  in  many  cases,  even  their  species  could  be  de- 
termined by  an  examination  of  their  erstwhile  nematode  parasites. 

"We  must  therefore  conceive  of  nematodes  and  their  eggs  as 
almost  omnipresent,  as  being  carried  by  the  wind  and  by  flying  birds  and 
running  animals ;  as  floating  from  place  to  place  in  nearly  all  the  waters 
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of  the  earth;  and  as  shipped  from  point  to  point  throughout  the  civi- 
lized world  in  vehicles  of  traffic."  * 

From  this  very  brief  statement  of  the  comparative  abundance  of 
nematodes,  it  must  be  clear  that  their  economic  importance  is  very 
great.  The  vast  number  of  free-living  species  in  the  soil  play  a  part 
with  the  other  microfauna  in  stirring  up  and  aerating  the  soil.  The 
exact  role  played  by  the  nematodes  in  maintaining  soil  fertility  has 
never  been  adequately  studied,  but  undoubtedly  their  dead  bodies  con- 
tribute materially. 

The  nematodes  that  attack  plants  are  often  a  serious  menace.  In 
the  artificial  environment  of  greenhouses,  soil  nematodes  attacking 
roots  often  become  so  abundant  as  seriously  to  disrupt  the  process  of 
plant  raising.  In  Central  America,  the  root  nematodes  which  attack 
the  banana  plants  have  seriously  affected  the  yield  in  some  areas.  An- 
other species  in  Hawaii  appears  to  be  harming  the  pineapple. 

Nearly  all  animals  are  attacked  by  some  species  of  nematode. 
Some  of  these  do  considerable  damage  to  the  host,  resulting  in  a 
decline  of  vigor  and  even  in  death.  Among  human  parasites,  hook- 
worm, pinworm,  trichina  worms,  filarial  worms,  and  ascarids  are  but 
a  few  of  the  better  known  forms.  Domestic  animals  likewise  have 
their  own  rich  fauna  of  nematodes. 

Characteristics  of  the  Phylum. — The  exact  relationships  of  the 
members  of  this  phylum  have  long  confused  zoologists ;  however,  it 
appears  that  they  arose  from  some  primitive  flatwormlike  ancestor. 
Like  the  flatworms,  these  worms  have  bilateral  symmetry,  cephalization, 
three  germ  layers  (triploblastic),  and  the  organ  grade  of  construction. 
Unlike  the  acoelomate  flatworms,  however,  the  roundworms  retain  the 
embryonic  blastocoel  as  a  permanent  body  cavity.  Since  this  cavity 
is  not  lined  by  peritoneum,  it  is  known  as  a  psciidocoel,  in  contrast 
to  the  peritoneum-lined  coelom  of  higher  invertebrates  and  vertebrates. 

The  noncellular  cuticle  forms  the  outermost  layer  of  the  body 
wall  of  the  roundworms.  This  cuticle  is  usually  much  heavier  in 
the  parasitic  than  in  the  free-living  forms,  and  probably  gives  protec- 
tion against  the  host's  enzymes.  In  many  species,  there  are  striations, 
bristles,  and  at  times  spines ;  in  a  few  the  striations  give  a  nearly  an- 
nulate appearance  to  the  body.  Beneath  the  cuticle  is  the  cellular 
epidermal  syncytium  or  hypodermis  which  projects  into  the  pseudocoel  in 

*Cobb:      Nematodes    and   Their   Relationships,    Yearbook    of    the    U.S.    Depart- 
ment of  Agriculture.  1914, 
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four  areas  to  form  a  middorsal,  a  midventral,  and  two  lateral  ridges.  Be- 
low the  hypodermis  is  the  muscular  layer  formed  only  of  longitudinal 
muscle  fibers.  These  extend  slightly  into  the  pseudocoel,  forming  its 
outer  border. 

A  complete  digestive  tract  with  both  mouth  and  anus  is  seen  in 
the  members  of  this  phylum.  The  anus  was  foreshadowed  by  the 
anal  pore  of  some  ctenophorans  and  flatworms,  but  this  is  the  first 
group  (except  for  the  Nemertina)  to  have  a  true  anus  at  the  posterior 
end  of  the  digestive  tract.  The  mouth  is  terminal  in  these  forms  and 
often  is  bordered  by  lips.  The  mouth  leads  into  the  buccal  cavity  which 
is  variable  in  shape  and  at  times  armed  with  jaws  or  protrusible  stylets. 
Posterior  to  the  buccal  cavity  is  the  muscular  pharynx  which  serves  to 
pump  dissolved  materials  into  the  mouth.  From  the  pharynx,  the 
straight  intestine  leads  to  the  posterior  anus.  At  the  posterior  por- 
tion, the  intestine  narrows  and  is  termed  the  rectum. 

While  there  are  no  special  organs  for  respiration  or  circulation, 
the  roundworms  do  have  an  excretory  system.  This  system  is  quite 
unlike  that  of  the  flatworms  inasmuch  as  there  are  no  flame  cells. 
There  are  two  possible  types  of  excretory  systems.  The  primitive  type 
found  in  many  free-living  forms  consists  of  a  glandular  cell  in  the 
region  of  the  pharynx.  This  is  termed  the  renette  cell.  From  this  cell 
an  elongated  neck  runs  forward  and  opens  at  an  anterior  excretory  pore. 
The  other  type  of  excretory  system  is  a  series  of  canals  arranged  in  an 
H-shape.  There  are  both  lateral  and  longitudinal  canals  connected  by 
a  series  of  transverse  ones.  From  these,  a  common  canal  leads  to  an 
excretory  pore. 

Surrounding  the  pharynx  is  a  nerve  ring  on  which  are  located 
some  ganglionic  masses.  Anteriorly,  a  series  of  nerves  pass  from  the 
ring  to  sensory  papillae  around  the  mouth ;  posteriorly  there  is  a  series 
of  main  nerves  including  a  middorsal,  a  midventral,  and  several  lateral 
ones.  The  free-living  forms  are  well  supplied  with  sensory  bristles 
and  papillae  at  the  anterior  end  of  the  body ;  in  a  few  fresh-water  and 
marine  forms,  light-sensitive  structures  are  located  at  the  sides  in  the 
region  of  the  pharynx. 

Unlike  the  flatworms,  nearly  all  the  roundworms  are  dioecious. 
Usually  the  males  are  considerably  smaller  in  size  than  the  females,  and 
are  readily  distinguished  by  their  curved  posterior  ends.  In  the  male, 
a  single  testis  is  usually  present.  From  the  free  end  of  the  testis, 
there   is   a   sperm   duct   which   is   continuous    with   the   testicular   epi- 
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thelium.  Posteriorly  the  sperm  duct  is  widened  into  the  seminal  vesicle 
which  in  turn  becomes  the  ejaculatory  duct  at  the  junction  with  the 
rectum.  This  portion  of  the  rectum  is  known  as  the  cloaca  inasmuch 
as  it  receives  the  undigested  foods  and  also  the  sex  products.  Usually 
the  cloaca  has  one  or  two  copulatory  spicules  which  spread  the  female 
sex  opening  during  copulation. 

The  female  usually  has  two  ovaries  located  above  the  digestive 
tract,  and  extending  toward  one  another  from  opposite  ends  of  the 
body.  The  covering  of  the  ovary  is  continued  as  the  slender  oviduct 
which  soon  widens  into  the  uterus.  The  uterus  passes  into  a  short 
vagina  which  opens  to  the  outside  through  the  female  sex  opening,  the 
vulva,  which  is  usually  near  the  middle  of  the  body.  A  portion  of  the 
uterus  often  serves  as  a  seminal  receptacle  for  storing  sperm  and  for 
fertilization  of  the  eggs.  The  eggs  may  be  retained  during  development 
within  the  uterus,  or  they  may  be  released  soon  after  fertilization.  The 
first  method  is  commonest  among  the  free-living  forms,  but  both 
methods  are  found  in  both  parasitic  and  free-living  forms.  If  develop- 
ment to  the  larval  stage  is  within  the  uterus,  the  young  are  released 
usually  by  the  rupture  of  the  body. 

Cleavage  in  the  nematodes  is  of  the  determinate  type,  and  the 
germ  layers  are  clearly  defined.  Mesoderm  arises  from  both  ecto- 
and  entodermal  sources,  and  the  embryonic  mouth  or  stomodaeum  gives 
rise  to  the  mouth  of  the  adult.  The  larvae  resemble  the  adults  in  gen- 
eral appearance  and  do  not  pass  through  different  stages  as  was  typical 
of  some  flatworms ;  however,  many  of  the  parasitic  forms  have  compli- 
cated life  cycles  involving  several  hosts. 

The  Classification  of  the  Nemathelminthes. — While  the  mode 
of  life  may  vary  greatly  among  the  members  of  this  phylum,  their  struc- 
ture is  so  very  similar  that  all  are  grouped  into  a  single  class,  the 
class  Nematoda. 

Class   I.      Nematoda.       Cylindrical   worms   with   the   characteristics    of   the 
phylum. 

THE  CLASS  NEMATODA 

The  anatomy  of  the  various  nematodes  is  quite  similar,  and  the 
details  are  most  easily  seen  by  a  study  of  some  small  transparent,  free- 
living  form  such  as  Chiloplacus  sp. 
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The  Anatomy  of  Chiloplacus. — Externally  the  sexes  are  easily 
separated  by  the  appearance  of  the  posterior  portion  of  the  body:  the 
female  is  straight  and  pointed,  while  the  male  is  abruptly  curved.  Also 
the  male  often  has  projecting  spicules.  The  digestive  tract  is  essen- 
tially a  straight  tube  leading  from  the  mouth  to  the  anus.  The  an- 
terior portion  is  somewhat  modified  in  relation  to  the  feeding  habits 


Fig.  139. — The  anatomy  of  the  nematode,  Chiloplacus  sp.     A,  Female;  B,  male. 


of  this  worm.  Directly  behind  the  mouth  is  the  buccal  cavity  which 
leads  into  the  muscular  pharynx.  The  posterior  portion  of  the  pharynx 
is  enlarged  to  form  the  pharyngeal  bulb.  The  muscles  of  the  pharyn- 
geal bulb  act  as  a  suction  pump  to  draw  food  into  the  mouth.  It  is 
possible  that  this  bulb  also  acts  as  a  valve  to  control  the  passage  of 
materials  into  the  long  straight  intestine.     At  the  posterior  end  of  the 
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body,  the  intestine  narrows  to  the  short  rectum,  which  opens  through 
the  anus.  In  the  male,  a  portion  of  the  rectum  serves  as  a  cloaca  for 
the  reception  of  both  sperm  and  waste  food  materials. 

By  special  staining  techniques,  the  nerve  ring  surrounding  the 
pharynx  and  some  of  the  nerves  leading  from  it  can  be  demonstrated. 
Excretion  of  metabolic  wastes  is  by  means  of  a  series  of  excretory 

tubes. 

The  female  worms  possess  a  single  ovary  which  is  posterior  to  the 
mid-point  of  the  body.  Continuous  with  the  ovary  is  an  oviduct  and 
uterus.  The  uterus  merges  into  the  vagina  which  opens  out  at  the 
vulva  in  the  posterior  portion  of  the  body.  The  eggs  develop  into  larvae 
within  the  uterus,  and  are  liberated  by  the  rupture  of  the  body. 
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Fig.  140. — Cross  section  of  the  nematode,  Ascaris. 

The  male  has  but  a  single  elongate  testis  and  a  vas  deferens  for  the 
conduction  of  sperm.  The  posterior  end  of  the  vas  deferens  is  modified 
to  form  the  serninal  vesicle  for  storage  of  sperm.  Posterior  to  the 
seminal  vesicle  is  the  ejaculatory  duct  which  joins  the  rectum  to  form 
the  cloaca.  The  cloaca  is  provided  with  two  copulatory  spicules,  ac- 
companied by  an  accessory  piece,  the  guhernaculum. 

A  cross  section  of  the  worm  illustrates  the  general  relationships 
of  the  internal  structures.  The  body  essentially  consists  of  two  con- 
centric tubes :  one  is  the  outer  body  wall,  the  other  the  digestive  tract. 
The  body  wall  is  relatively  thick,  consisting  externally  of  the  heavy, 
noncellular,  striated  cuticle.  Beneath  this  is  a  thin  layer  of  syncytial 
cells,  the  hypodermis,  and  beneath  these  cells  are  the  spindle-shaped 
longitudinal  muscles.  Dorsally  and  ventrally  nerve  cords  are  visible; 
laterally  a  median  projection  of  the  lateral  line  carries  the  excretory 
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canal.  The  pseudocoel  separates  the  digestive  tract  from  the  body 
wall ;  normally  it  is  filled  with  a  liquid.  Within  the  pseudocoel,  sec- 
tions of  the  reproductive  tract  are  visible. 

The  Biology  of  the  Free-Living  Nematodes. — The  wide  variety 
of  habitats  in  which  these  animals  can  be  found  can  scarcely  be  imag- 
ined. They  are  known  to  dwell  in  hot  springs  and  in  arctic  waters. 
Some  live  in  the  hot  deserts,  others  survive  only  at  cold  altitudes  of 
high  mountains.  Many  are  world-wide  in  their  distribution,  while 
others  are  so  restricted  as  to  seem  unbelievable. 

Despite  their  comparative  lack  of  locomotor  apparatuses,  the 
nematodes  are  good  travellers.  They  are  carried  about  by  vagaries 
of  the  wind,  by  animals,  in  dust,  and  by  seeds.  Inasmuch  as  the  cuticle 
is  very  thick,  the  body  of  the  nematodes  is  quite  rigid.  Locomotion  is 
further  limited  by  the  lack  of  circular  muscles.  Most  move  through 
the  water  or  over  the  substratum  by  means  of  serpentine  motions,  us- 
ing the  rings  or  roughened  portions  of  the  cuticula  to  gain  purchase. 
Some  possess  bristles  which  attach  temporarily  and  allow  the  worms 
to  progress  in  a  leechlike  manner. 

The  innumerably  different  species  of  nematodes  are  as  varied  in 
their  feeding  habits  as  in  their  habitat  preferences.  Some  are  sapro- 
phagoiis,  that  is,  they  fed  on  decaying  plant  or  animal  materials,  yeast, 
or  bacteria.  The  vinegar  eel,  for  example,  feeds  on  the  yeasts  and 
bacteria  found  in  home-cultured  vinegar.  A  number  of  aquatic  forms 
feed  on  small  algae  and  other  aquatic  plants  while  some  forms  are  pre- 
daceous,  attacking  other  microscopic  organisms.  Some  of  these  latter 
forms  have  buccal  teeth  for  grasping  their  prey,  while  others  have 
complex  stylets  by  which  they  pierce  and  suck  out  the  body  juices  of 
their  victims. 

The  Plant  Nematodes. — Economically  the  plant  nematodes  are 
of  tremendous  importance  due  to  their  destruction  of  food  plants.  All 
degrees  of  parasitism  are  noted  among  these  forms.  Some,  for  ex- 
ample, feed  upon  plant  tissues  that  have  been  invaded  by  bacteria. 
Others  actually  use  their  stylets  to  pierce  the  cells  and  suck  out  the 
contents.  Still  others  penetrate  and  live  within  the  spaces  of  the 
plant  tissues.  The  damage  done  may  be  actual  destruction  of  plant 
tissue  or  opening  the  way  for  bacterial  invasions. 

There  are  several  notorious  plant  nematodes,  one  of  the  most 
famous  of  which  is  the  root-knot  nematode,  Heterodera  marioni,  which 
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has  been  reported  from  over  800  different  species  of  plants.  In  this 
species,  the  infected  plant  forms  very  typical  root  knots  about  the 
infested  points.  The  sugar  beet  nematode,  Heterodera  schactii,  has 
been  estimated  to  cause  a  loss  of  $129,000  per  year  on  infested  areas 
of  about  7,000  acres.  The  eelworm  of  vv^heat,  Anguina  tritici,  has  caused 
a  loss  of  as  much  as  80  per  cent  of  a  crop.  Cobb  found  as  many  as 
90,000  individual  nematodes  in  a  single  gall  produced  by  this  species. 
Certainly  the  importance  of  these  forms  cannot  be  overestimated. 

The  Nematodes  Parasitic  in  Animals. — All  animals  are  sub- 
ject to  attack  by  nematodes.  Except  in  rare  instances,  the  nematode  in- 
festations do  not  result  in  death,  for  they  are  well-adjusted  parasites. 
More  important  is  the  fact  that  the  animal  is  weakened  and  is  liable 
to  attack  by  bacteria.  Nevertheless  fantastic  numbers  of  individual 
nematodes  may  be  recovered  from  a  single  infestation.  Approximately 
5,000  individual  pinworms  were  recovered  from  a  man  after  but  a 
single  treatment!  Fortunately  this  number  is  an  exception  rather 
than  the  rule. 

Man  himself  is  subject  to  attack  by  at  least  50  different  species 
of  these  worms.  His  domestic  animals  are  equally  populated :  there 
are  36  species  that  parasitize  dogs,  33  for  cats,  51  in  cattle,  63  in 
sheep,  69  in  horses,  and  33  in  swine.  In  1937  it  was  estimated  that 
there  was  an  annual  loss  of  domestic  animals  amounting  to  some 
$500,000,000  in  the  United  States  from  these  important  parasites. 

LIFE  HISTORIES  OF  SOME  IMPORTANT 
NEMATODE  PARASITES 

The  life  histories  of  the  nematode  parasites  are  as  varied  as 
the  species  themselves.  It  is  only  through  a  knowledge  of  these  life 
histories  that  control  measures  can  be  effectively  developed. 

Ascaris. — One  of  the  commonest  of  the  nematode  parasites  of  man 
is  Ascaris  lumbricoides  (Fig.  141,^).  This  particular  species  is  also 
found  in  pigs,  but  there  seem  to  be  some  important  physiological 
differences  inasmuch  as  the  human  Ascaris  will  not  infect  the  pig  nor 
can  human  beings  in  turn  be  infected  by  the  pig  Ascaris. 

The  adult  of  Ascaris  lumbricoides  lives  in  the  small  intestine  where 
it  feeds  on  the  partially  digested  food  of  its  host.  There  is  some  indica- 
tion that  the  worms  also  may  feed  on  the  host's  tissues.  The  female 
worm  is  from  8  to  14  inches  in  length,  may  contain  27,000,000  eggs. 
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and  can  release  200,000  eggs  in  a  single  day.  The  individual  e:gg  has 
a  clear,  inner  shell  surrounded  by  a  heavy  warty  coat.  This  outer 
coat  is  stained  brown  by  the  intestinal  contents  of  the  host. 

The  male  Ascaris  lumhricoides  is  somewhat  smaller  than  the  fe- 
male, being  about  6  to  12  inches  in  length.  Except  for  the  character- 
istic, hooked  posterior  end  and  smaller  size,  the  male  is  similar  in  ap- 
pearance to  the  female.  Both  have  a  single  dorsal  and  two  ventral 
lips  surrounding  the  mouth.  These  are  provided  with  small  sensory 
papillae.    Like  most  parasites,  these  worms  have  no  pigmentation. 
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Fig.  141. — Some  nematodes  parasitic  in  human  beings.  A,  Ascaris  lumhrico- 
ides; B,  Trichuris  trichiura,  the  whipworm;  C,  Enterobius  vermicularis,  the  pin- 
worm;  D,  Dracunculus  medinensis,  the  Guinea  worm,  the  infective  larva;  E,  Loa 
loa,  the  eyeworm;  F,  Trichinella  spiralis,  the  trichina  worm  encysted  in  muscle;  G, 
Necator  americanus,  the  hookworm,  showing  buccal  cavity  and  mouth. 


There  are  no  intermediate  hosts  in  the  life  cycle  of  this  w'orm.  In- 
fection occurs  when  the  eggs  are  accidentally  ingested  by  a  new  host. 
As  the  eggs  pass  from  the  host,  they  are  unsegmented,  and  require  a 
period  of  development  in  the  soil.  Under  favorable  conditions  of 
heat  and  moisture,  it  takes  up  to  three  weeks  for  the  larva  to  develop. 
The  eggs  are  destroyed  by  excessive  heat  or  dryness.  When  the  eggs 
are  ingested  after  the  developmental  period,  the  shell  is  digested  ofif 
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in  the  intestine  of  the  host.  The  young  larva  is  some  200  to  300  microns 
in  length.  It  does  not  remain  in  the  intestine  for  long,  and  soon  bur- 
rows its  way  through  the  intestinal  mucosa  and  into  the  small  capil- 
laries of  the  intestinal  wall.  For  about  ten  days  the  larva  remains 
in  the  circulatory  system,  possibly  spending  most  of  this  time  in  the 
portal  system  where  the  supply  of  food  is  particularly  rich.  Finally, 
the  larva  makes  its  way  through  the  liver  and  heart  and  arrives  at 
the  lungs.  By  the  time  it  has  reached  the  lungs,  it  has  grown  to 
ten  times  its  original  length.  Here  the  larva  burrows  through  the  lung 
tissue  and  makes  its  way  into  the  throat  and  trachea.  Then  it  is 
swallowed  by  the  host  and  finally  once  again  arrives  at  the  intestine. 
The  young  worm  is  some  2  to  3  mm.  in  length  when  it  arrives  in  the  in- 
testine the  second  time,  and  after  some  two  or  three  months,  attains  its 
full  size.  Its  life  span  is  about  one  year,  during  which  period  the 
female  is  constantly  producing  eggs. 

The  greatest  damage  done  to  the  host  by  these  ascarids  is  during 
the  period  when  the  larvae  pass  from  the  lungs.  The  breaking  through 
of  the  delicate  lung  tissue  causes  hemorrhaging  and  a  pneumonia-like 
condition  if  there  is  a  heavy  infection.  Heavy  experimental  infections 
may  be  fatal,  but  ordinarily  the  infection  is  not  that  severe.  In  pigs, 
the  symptoms  which  occur  during  this  passage  of  the  larvae  from  the 
lungs  are  known  as  "thumps."  In  the  intestine,  the  worms  may  do 
some  damage  by  injuring  the  mucosa.  Heavy  infections  may  also  be 
sufficient  to  interfere  with  the  passage  of  food  down  the  intestine. 

Children  are  often  particularly  susceptible  to  ascarid  infections 
as  they  are  very  careless  in  their  defecation  and  eating  habits.  Where 
proper  conditions  prevail,  ascarids  are  present  in  all  regions  of  the 
world.  Infections  are  particularly  abundant  when  people  are  care- 
less in  their  habits  and  the  soil  is  warm  and  moist. 

Other  species  of  Ascaris  are  parasitic  in  horses,  cats,  dogs,  and 
poultry.    The  life  histories  are  similar  to  the  above  in  most  respects. 

The  Hookworms. — Another  nematode  infection  of  human  beings 
which  is  of  much  greater  economic  importance  than  Ascaris  is  that 
caused  by  the  hookworms.  Two  human  species  are  known :  Ancylos- 
toma  duodenale  which  is  prevalent  in  Europe,  North  Africa,  Western 
Asia,  and  northern  China;  and  Necator  aniericanus  (Fig.  141,6")  which 
is  found  throughout  the  tropical  and  subtropical  regions  of  the  world. 
Both  species  are  much  alike  in  their  habits  and  appearance,  with  N. 
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americaniis  being  the  common  species  in  the  southeastern  portion  of 
this  country. 

Hookworm  infections  are  seldom  fatal;  thus  this  worm  can  rarely 
be  accused  of  causing  death.  The  most  severe  effects  of  these  infections 
are  to  be  found  in  the  economic  and  social  upsets.  If  a  population  is 
affected,  the  people  soon  become  weak  and  unable  to  work  effectively. 
Thus  the  population  of  a  w'hole  area  may  soon  become  run  down 
physically  and  mentally.  At  one  time,  some  of  our  southeastern  rural 
areas  were  held  up  as  examples  of  the  depressing  effect  of  hookworm 
infections.  Fortunately,  with  the  discovery  of  control  methods  and 
the  educational  work  of  the  Rockefeller  Foundation,  this  condition 
has  largely  changed.  Areas  that  were  once  poor  and  ill-housed  are 
now  prosperous. 

The  adults  of  A^.  americaniis  are   found   in   the   intestinal   tract. 
The  females  are  10  to  11  mm.  in  length,  w^hile  the  males  are  from  7 
to  8  mm.     Within  the  cup-shaped  mouth  cavity  is  a  pair  of  chitinized 
plates  bearing  sharp  edges.     The  worm  utilizes  these  cutting  edges  to 
grasp  the  intestinal  mucosa  and  obtain  the  blood  and  tissue  which  form 
its  food.     The  resulting  loss  of  blood  and  intestinal  injury  is  harm- 
ful to  the  host.     The  female  hookworm   is  able  to  produce   5,000  to 
10,000   eggs   per   day.      These   eggs    pass    out    with    the    feces    when 
they  are  in  the  four-cell  stage.     If  the  soil  has  the  proper  temperature 
and  moisture  content,  the  embryo  hatches  within   twenty-four  hours 
into   the   first   larval    stage.      These    larvae    are    able  to    move    about 
in    the    soil    and    subsist    on    bacteria    and    other    organic    materials. 
After  two  days,   the   larvae   molt  and   continue   to   grow;    five    days 
later  another  molt  occurs  and   the  larvae  are  read\^  to   infect  a   new 
host.     Interestingly  enough  after  this  last  molt,  the  larvae  move  but 
very  slightly  through  the  soil,  but  may  move  upward  for  a  considerable 
distance.     At  times  they  will  crawl  up  on  vegetation  and  wait  for  a 
new  host.     Once  a  bare  foot  or  some  other  exposed  portion  of  human 
skin  comes  in  contact  with  this  waiting  larva,  it  burrows  in  and  gets 
into  the  blood  stream.    The  blood  soon  carries  the  larva  to  the  lungs. 
Here  it  is  caught  in  the  capillaries  and  burrows  into  the  spaces  of  the 
lungs.     Like  Ascaris,  the  larva  makes  its  way  to  the  throat  where  it 
may  be  swallowed.     In  the  human  being,  two  more  molts  occur  before 
adulthood  is  reached.     It  takes  about  six  weeks  before  eggs  are  pro- 
duced by  the  females. 
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Ancylostoma  diiodenale  has  an  identical  life  history.  Dogs  are 
often  infected  by  another  hookworm,  A.  hraziliense.  At  times,  larvae 
of  this  latter  species  burrow  under  the  skin  of  human  beings  and 
cause  considerable  irritation  which  is  known  as  "creeping  eruption." 
Of  course,  A.  braziliense  is  unable  to  complete  its  life  cycle  in  human 
beings. 

Again,  control  measures  consist  mainly  of  improving  sanitation; 
wearing  shoes,  naturally,  would  cut  down  the  threat  of  infection. 

The  Trichina  Worm. — Another  important  parasitic  nematode 
is  Trichinella  spiralis  (Fig.  141,F),  the  causative  organism  of  trichi- 
nosis. Unlike  the  two  parasitic  forms  just  discussed,  the  chief  dam- 
age of  this  form  is  done  by  the  immature  stages  which  encyst  in  vol- 
untary muscles.  Infection  occurs  when  improperly  cooked,  infested 
pork  is  eaten.  In  rare  instances,  100,000  encysted  larvae  may  be 
present  in  a  single  ounce  of  badly  infected  meat.  As  at  least  half  of 
these  are  probably  females,  it  is  possible  to  have  an  infection  of  this 
type  result  in  100,000,000  larvae,  a  fatal  dose.  The  meat  and  cysts 
are  digested  away  from  the  larvae  by  the  action  of  the  host's  digestive 
juice.  Once  released,  the  larvae  find  their  way  to  safe  sites  between 
the  villi  of  the  intestine.  Here  a  series  of  molts  occur,  but  copulation 
may  take  place  within  forty  hours  after  an  infection.  The  small 
females  (3  to  4  mm.  long)  retain  the  developing  eggs  within  the  uterus 
until  the  embryos  are  about  0.1  mm.  long.  The  males  (about  1.5  mm. 
long)  often  pass  from  the  intestine  after  they  copulate,  but  may  remain 
as  long  as  the  females.  When  the  embryos  are  sufficiently  developed, 
the  female  burrows  into  the  mucosa  and  deposits  the  eggs  in  such  a 
manner  that  they  quickly  enter  the  blood  stream.  Soon  they  are  car- 
ried to  the  voluntary  muscles.  Once  they  reach  a  proper  site,  the 
embryos  grow  rapidly  to  about  1  mm.  in  length,  differentiate  sexually, 
roll  up,  and  a  cyst  forms  around  them.  Most  commonly,  the  worms 
encyst  in  muscles  such  as  the  diaphragm,  tongue,  and  chest  muscles 
where  a  rich  blood  supply  is  ensured.  The  cysts  become  calcified 
gradually  and  persist  throughout  the  lifetime  of  the  person.  The 
worm  usually  dies  after  a  few  months. 

The  symptoms  of  a  trichina  infection  begin  with  slight  diarrhea, 
nausea,  and  abdominal  pains.  Upon  penetration  of  the  muscles,  there 
are  intense  muscular  pains.  Often  there  is  puffiness  under  the  eyes 
as  the  worms  invade  those  muscles.     At  this   stage,   trichinosis   may 


Phylum  N emathelminthes  and  Related  Phyla         435 

be  fatal.  Trichinella  may  also  infect  cats  and  rats  as  well  as  human 
beings  and  pigs. 

The  infection  is  passed  from  animal  to  animal  by  the  indiscriminate 
tastes  of  these  domestic  forms.  It  is  further  encouraged  by  the 
human  habit  of  feeding  garbage  to  hogs.  Prevention  of  human  in- 
fections is  comparatively  simple.  If  pork  is  heated  above  a  tempera- 
ture of  131°  F.,  the  cysts  are  destroyed.  Freezing  and  cold  storage 
likewise  destroy  them. 

It  has  been  estimated  that  about  10  per  cent  of  the  population  of  the 
United  States  has  at  least  a  mild  infection  of  trichinosis.  These  in- 
fections cause  little  or  no  trouble  and  are  likely  to  be  undetected  by 
a  person.  As  pointed  out,  a  heavy  infection  can  be  fatal;  thus  trichi- 
nosis   is   one    of   the    really   dangerous    parasitic    infections. 

Geographically,  trichinosis  is  commonest  in  the  northeastern  sec- 
tion of  the  United  States  where  garbage  feeding  of  hogs  is  most  com- 
mon. Through  the  Middle  West,  where  hogs  are  often  fed  on  grains, 
infections  are  not  so  prevalent. 

The  Pinworm. — The  commonest  nematode  parasite  of  human 
beings  through  the  temperate  areas  of  the  world  is  the  "pinworm"  or 
"seatworm,"  Enterobius  vermicularis  (Fig.  141, C).  These  are  small 
worms,  the  females  being  from  8  to  13  mm.  long  and  the  males  2  to 
5  mm.  They  live  in  the  region  of  the  junction  of  the  small  and 
large  intestines  and  often  concentrate  in  the  caecum  and  appendix. 
The  gravid  females  make  nightly  forays  from  these  sites  to  the  rectum 
and  out  the  anus,  and  then  crawl  around  the  skin  to  deposit  their 
eggs.  These  movements  of  the  worms  cause  extreme  itching  in  the 
anal  region.  The  eggs  are  very  tiny  (55  by  30  microns)  and  are  easily 
scattered  by  the  host.  The  commonest  manner  of  reinfection  is,  of 
course,  that  of  getting  the  eggs  under  the  fingernails  and  transferring 
them  to  the  mouth.  The  usual  symptoms  of  these  infections  are  gastro- 
intestinal disturbances. 

As  these  tiny  eggs  can  even  be  air  borne,  the  spread  of  the  in- 
fection can  easily  attain  tremendous  proportions.  This  also  makes 
control  rather  difficult  as  the  eggs  can  be  found  in  such  unlikely  spots  as 
the  dust  on  furniture.  It  has  been  estimated  that  from  33  to  50  per 
cent  of  children  of  school  age  have  this  nematode  as  a  parasite! 

The  Whipworm. — Another  nematode  parasite  of  the  caecum 
and  large  intestine  is  the  whipworm,  Trichuris  trichiura  (Fig.  141,5). 
This  is  found  in  areas  where  there  is  abundant  warmth  and  moisture 
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and  considerable  dooryard  pollution.  Through  this  country,  south- 
west Louisiana  and  the  southern  Appalachian  areas,  are  foci  of  in- 
fection. The  adult  worms  (female  30  to  50  mm.  long)  have  the  an- 
terior two-thirds  thin  and  threadlike.  In  the  living  worm,  this  portion 
whips  about.  Often  the  worm  threads  this  slender  portion  through  the 
wall  of  the  large  intestine.  The  worm  may  live  for  years,  and  the  in- 
fection builds  up  slowly;  thus  it  is  often  difficult  to  diagnose.  The 
usual  symptoms  are  gastrointestinal  disturbances.  Like  any  worms 
that  live  in  the  large  intestine,  it  is  often  difficult  to  kill  them.  They 
usually  live  too  high  to  be  reached  by  enemas,  and  most  drugs  are  in- 
effective when  they  have  travelled  that  far  through  the  digestive  tract. 
The  life  cycle  is  direct,  the  eggs  developing  slowly  in  the  moist  soil  and 
being  ingested  by  the  host.    They  hatch  near  the  caecum. 

Elephantiasis. — L'nlike  the  other  nematode  parasites  of  man  men- 
tioned above,  IVuchereria  bancrofti  needs  an  intermediate  host  to 
complete  its  life  cycle.  W.  bancrofti  belongs  to  the  group  known  col- 
lectively as  the  filarial  zi'orms.  This  worm  is  known  from  most  of  the 
tropical  regions  of  the  world  and  in  some  areas  infects  more  than  50 
per  cent  of  the  inhabitants. 

The  adult  worms  live  in  the  lymph  glands  and  lymph  passageways. 
The  females  are  from  65  to  100  mm.  in  length  and  very  slender;  the 
males  are  smaller.  These  adult  females  produce  numerous  young,  the 
microfilariae.  Further  development  depends  on  their  being  picked  up 
by  the  proper  mosquito.  Much  investigation  needs  to  be  done  on  the 
movements  of  these  microfilariae  in  the  blood  of  the  human  host.  It 
is  known  that  their  movements  seemingly  are  dependent  upon  the  activ- 
ity of  the  host.  In  many  areas  where  the  microfilariae  are  carried  by 
night-flying  mosquitoes,  they  come  to  the  surface  blood  vessels  at 
night ;  those  carried  by  day-flying  mosquitoes  come  to  the  surface  ves- 
sels at  all  hours.  If  the  microfilariae  are  picked  up  by  a  mosquito  the 
further  development  proceeds  very  rapidly.  They  move  to  the  walls 
of  the  mosquito's  stomach,  penetrate  them,  and  reach  the  thoracic 
muscles  within  twenty-four  hours.  Growth  continues  for  several  weeks 
until  the  worm  attains  a  size  of  about  1.5  mm.  They  then  crawl  down 
the  proboscis  of  the  mosquito.  When  the  mosquito  bites  a  man,  the 
larvae  crawl  on  the  surface  of  the  skin  and  enter  through  the  hole  left 
by  the  mosquito. 

Since  only  a  very  small  number  of  worms  enter  at  a  single  time, 
it  usually  takes   repeated   inoculations   over  a   series   of  years   before 
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symptoms  appear.  Allergic  reactions  are  among  the  first  effects  to  be 
noted,  and  they  appear  in  those  persons  who  do  not  have  microfilariae 
in  their  blood.  The  most  pronounced  later  effects  are  due  to  the 
mechanical  blocking  of  the  lymphatic  system.  Due  to  this  blocking, 
lymph  is  diverted  to  the  extremities,  to  the  scrotum,  or  less  commonly 
to  the  arms,  mammary  glands,  and  the  head  region.  This  results  in 
tremendous  enlargements  of  these  regions,  a  condition  known  as  ele- 
phantiasis. Very  little  has  been  learned  about  the  treatment  of  this 
condition.     Surgery  does  seem  to  help  at  times. 

Onchocerciasis. — In  Africa,  the  Mexican  states  of  Chiapas  and 
Oaxaca,  and  the  Pacific  slope  of  Guatemala,  there  is  another  human 
filarial  worm,  Onchocerca. .  The  symptoms  of  Onchocerca  infection 
differ  from  those  of  Wuchereria  inasmuch  as  the  filariae  accumulate 
in  tremendous  numbers  in  the  connective  tissue  just  beneath  the  skin. 
The  embryos  upon  being  released  from  the  female  pass  into  the  blood 
stream  and  collect  in  the  connective  tissue  of  the  skin.  Here  they  are 
picked  up  by  feeding  black  flies  (Simuliiim  sp.).  Development  occurs 
in  this  fly  which  follows  the  same  pattern  as  that  of  Wuchereria  in  the 
mosquito.  New  hosts  are  also  infected  in  a  similar  manner.  The  most 
important  effect  of  these  parasites  is  that  the  adults  gather  in  nodules. 
These  may  be  excised.  In  those  cases  of  onchocerciasis  in  the  New 
World,  the  embryos  often  invade  the  optic  nerve,  cornea,  and  other 
parts  of  the  eye,  producing  blindness. 

The  African  Eyeworm. — Another  worm  with  a  very  similar 
life  history  is  that  known  as  Loa  loa  (141,£).  This  parasite  lives  in 
the  connective  tissues  of  the  skin  of  man  and  creeps  about  in  response 
to  warmth.  At  times,  they  get  in  the  conjunctiva  of  the  eye.  Often 
there  are  swellings  known  as  Calabar  swellings.  These  last  only  a 
few  days  and  seem  to  be  a  local  reaction  to  the  release  of  the  body 
fluids  of  the  worm. 

Dracunculus. — The  last  interesting  human  parasite  to  be  con- 
sidered here  belongs  to  another  group  of  the  nematodes.  The  female 
of  this  species,  Dracunculus  medinensis  (141,D),  attains  a  very  large 
size  (2.5  to  4  feet),  while  the  male  is  only  20  to  29  mm.  in  length. 
These  are  found  only  in  dry  climates  such  as  North  Africa,  Centfal 
India,  Egypt,  and  central  Africa.  The  common  name  for  this  worm 
is  guinea  worm  and  it  probably  is  the  "fiery  serpent"  of  biblical 
literature. 
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The  adult  female  is  found  just  under  the  surface  of  the  skin  when 
it  is  ready  to  deposit  its  young.  Previous  to  that,  it  is  in  the  deeper 
tissues  of  the  skin.  The  exact  position  of  the  worm  varies  with  the 
individual.  The  worm  makes  a  tiny  hole  in  the  skin,  then  excretes  an 
irritating  substance  which  forms  a  blister.  This  breaks,  and  when 
the  ulcer  thus  revealed  is  washed  with  water,  a  milky  substance  con- 
taining many  embryos  emerges.  The  opening  in  the  worm  closes  as  the 
uterus  dries  after  each  bath.  After  several  extrusions,  the  worm  dies. 
The  embryos  which  are  now  free  in  the  water  swim  about  until  a 
suitable  host  is  encountered.  This  host  is  a  small  crustacean,  Cyclops. 
The  worm  burrows  into  the  crustacean,  and  after  a  period  of  develop- 
ment, it  is  ready  to  infect  a  new  individual  who  inadvertently  drinks 
the  water  complete  with  Cyclops. 

In  these  complex  life  cycles,  one  is  constantly  impressed  with  the 
neatness  of  the  way  the  details  of  the  life  cycle  fit  with  the  habits 
and  ecology  of  the  various  hosts.  Only  a  long  period  of  association 
and  evolution  can  account  for  these,  and  human  carelessness  and  custom 
contribute  much  to  their  continuing  success. 

MINOR  PHYLA  RELATED  TO  THE  NEMATODES 

Closely  related  to  the  Nemathelminthes  are  a  number  of  smaller 
phyla  whose  members  show  many  characteristics  in  common  with  the 
nematodes.  Some  of  these  characteristics  are  such  important  features 
as  the  possession  of  a  pseudocoel  and  cuticle,  and  the  lack  of  a 
definite  muscular  wall  in  the  digestive  tract.  These  animals  include  the 
members  of  the  phyla  Rotifera,  Gastrotricha,  Kinorhyncha,  and  Nema- 
tomorplta,  as  well  as  the  Nemathelminthes.  The  common  possession  of 
these  important  characteristics  by  these  five  phyla  has  led  some  zoolo- 
gists to  group  them  as  a  single  phylum,  the  Aschelminthes.  Each  of 
these  phyla  as  recognized  here  then  is  considered  as  a  class ;  however, 
this  is  simply  a  matter  of  interpretation.  Inasmuch  as  each  possesses 
distinctive  features,  it  seems  best  to  consider  them  as  separate  though 
related  phyla. 

The  Phylum  Rotifera. — Like  the  protozoans,  the  rotifers  may 
be  found  in  nearly  any  body  of  water,  no  matter  whether  large  or 
small.  Most  dwell  in  fresh  waters  although  there  are  a  few  marine 
species  and  a  small  number  of  parasitic  forms.  They  are  easily  recog- 
nized by  their  possession  of  wheel-like  circles  of  cilia  (thus  the  name 
Rotifera)   at  the  oral  end.     They  may  swim  freely,  be  attached,   or 
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crawl  about  like  leeches.  Some  have  developed  protective  cases  of 
their  own  secretion  or  by  cementing  sand  particles  together.  Many 
forms  have  the  cuticle  thickened  into  a  lorica  which  may  be  provided 
with  bizarre  spines  and  projections.  Many  of  the  species  are  cosmo- 
politan in  their  distribution,  for  their  resistant,  tiny  eggs  are  easily 
carried  by  winds,  dust  particles,  or  animals  from  one  place  to  another. 
They  may  be  found  in  similar  situations  in  all  parts  of  the  world. 
On  the  other  hand,  so  sensitive  are  they  to  environmental  conditions 
that  neighboring  ponds  may  harbor  totally  different  faunas. 


Fig,  142, — Anatomy  of  the  rotifer,  Philodina. 


In  size,  the  rotifers  are  little  larger  than  the  protozoans,  ranging 
from  0.04  to  2  mm,  in  length,  with  most  being  about  0.5  mm.  Despite 
their  miniature  size,  these  are  true  metazoans  with  an  organ  level  of 
organization.  All  have  bilateral  symmetry,  three  germ  layers,  a  pseudo- 
coel,  cephalization,  a  digestive  tract  which  is  usually  complete  and 
differentiated  into  definite  parts,  and  separate  sexes.  Their  charac- 
teristics which  set  them  apart  from  the  nematodes  are  the  anterior 
circles  of  cilia,  the  corona;  a  protonephridial  excretory  system  with 
flame  cells;  and  the  possession  of  movable  jaws  in  the  pharynx.     The 
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outer  body  wall  is  a  syncytium,  that  is,  there  are  many  nuclei  but  no 
dividing  cell  walls.  One  feature  of  the  rotifers  which  is  also  found  in 
the  members  of  other  related  phyla  is  that  of  cell  constancy.  In  early 
embryology,  the  number  of  cells  present  in  each  organ  system  is  es- 
tablished. This  number  does  not  change;  instead,  they  fuse  into  a 
syncytium  with  a  definite  number  of  nuclei.  For  a  given  species,  the 
number  of  nuclei  is  constant  for  the  different  organs. 

One  form  commonly  seen  creeping  leechlike  through  protozoan 
cultures  is  Philodina  sp.  This  animal's  body  is  seen  to  be  divided  into 
three  regions :  an  anterior  head,  a  large  trunk,  and  a  posterior  joot. 
The  head  consists  of  a  disc  which  is  rimmed  with  cilia.  These  cilia 
move  rapidly  and  in  this  species  look  like  two  small  wheels  at  the 
anterior  end.  These  cilia  carry  currents  of  water  with  their  food  and 
oxygen  to  the  animal  and  also  aid  in  locomotion.  The  foot  which 
contains  cement  glands  terminates  in  two  spurs  and  several  retractile 
toes.  The  secretion  from  the  cement  glands  helps  to  attach  the  ani- 
mal temporarily  to  a  substrate.  Internally  the  body  cavity  is  a  pseiido- 
coel  containing  the  visceral  organs.  The  digestive  tract  begins  in  the 
mouth  which  is  just  below  the  corona.  The  mouth  opens  into  the 
pharynx  which  has  a  very  muscular  portion  known  as  the  mastax.  In 
this  mastax  are  several  chitinized  jaws  with  teeth  which  are  used  to 
break  up  the  food.  The  pharynx  opens  into  a  short  esophagus,  and  this 
in  turn  opens  into  a  heavy-walled  stomach.  The  stomach  opens  into  a 
short  intestine  which  terminates  in  a  cloaca  with  an  anus.  Associated 
with  the  stomach  are  digestive  glands. 

The  excretory  system  consists  of  two  long  protonephridial  tubules 
which  empty  into  the  cloaca.  Each  tubule  is  long  and  coiled  and  has 
many  side  branches.  These  lateral  branches  each  bear  flame  cells. 
In  function  it  appears  that  the  excretory  system  is  chiefly  hydrostatic. 
There  is  a  large  nerve  ganglion  or  brain  at  the  anterior  end  of  the 
body  just  dorsal  to  the  mouth.  From  this  brain  various  nerves  go  to 
the  different  parts  of  the  body.  Some  nerves  connect  to  sensory 
tufts  of  hair  as  well  as  to  small  dorsal  eyespots.  Long  muscle  fibers 
are  found  in  the  body  cavity.  These  are  isolated  and  of  the  longitudinal 
type.    Their  function  is  to  retract  the  corona  and  to  move  the  foot. 

The  female  has  two  ovaries  and  yolk  glands.  These  open  by 
means  of  oviducts  into  the  cloaca.  Males  have  never  been  observed 
in  Philodina;  however,  in  other  species  of  rotifers,  males  are  known. 
In  these,  the  male  is  very  small  and  has  one  large  testis  in  the  body 
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cavity.     The  testis  discharges  its  products  into  a  duct  which  can  be 
protruded  dorsally  as  a  penis. 

Most  rotifers  reproduce  primarily  by  parthenogenetic  eggs.  These 
thin-walled,  unresistant  eggs  develop  into  parthenogenetic  females 
throughout  the  summer  months.  When  a  change  occurs  in  the  en- 
vironment, such  as  the  chilling  of  water  with  the  approach  of  winter, 
some  of  these  parthenogenetic  females  produce  small  eggs  which  de- 
velop into  males,  while  others  produce  large  female  type  eggs.  The 
males  develop  and  fertilize  the  females  internally.  The  fertilized  eggs 
have  heavy  resistant  shells  and  are  known  as  winter  eggs.  It  is  these 
eggs  that  are  blown  and  carried  long  distances  and  which  give  rotifers 
their  cosmopolitan  distribution.  With  the  advent  of  favorable  condi- 
tions, the  eggs  hatch  and  the  population  of  parthenogenetic  females 
begins  anew. 

The  Phylum  Gaslrotricha. — These  small,  free-living  animals  are 
found  in  fresh  and  salt  waters  (Fig.  143,^4).  They  vary  in  size  from  0.1 
to  0.5  mm.  Ventrally  they  are  flattened  and  they  move  about  by  means 
of  ventral  cilia.  Most  species  have  a  rounded  head  region  separated  by  a 
neck  constriction  from  the  elongated  trunk  which  terminates  in  a  forked 
end.  The  cuticle  is  variously  provided  with  spines,  scales,  and  bristles. 
Cilia  are  present  over  various  regions  of  the  body  and  ordinarily  there  are 
one  or  more  pairs  of  cement  tubes  located  on  the  forked  tail.  Like  those 
of  the  rotifers,  these  are  used  for  temporary  attachment.  If  there  is  an 
excretory  system,  it  is  of  the  protonephridial  type  with  flame  cells. 

The  gastrotrichs  feed  on  smaller  organisms  such  as  bacteria  by 
sucking  them  into  the  mouth  by  action  of  the  muscular  pharynx.  This 
pharynx  is  quite  similar  to  that  of  the  nematodes.  The  marine  gastro- 
trichs are  hermaphroditic,  while  only  females  are  known  in  the  fresh- 
water species.  Thus  among  the  fresh-water  forms,  reproduction  is 
entirely  parthenogenetic.  Two  types  of  eggs,  however,  are  produced. 
The  summer  eggs  are  thin-walled  and  develop  rapidly,  while  the  winter 
eggs  are  heavy-walled  and  develop  slowly. 

In  some  respects  the  gastrotrichs  resemble  the  rotifers,  that  is, 
their  common  possession  of  cilia,  the  protonephridial  system,  and  the 
structure  of  the  integumental  musculature.  On  the  other  hand,  they 
resemble  the  nematodes  in  the  structure  of  the  pharynx,  the  cuticular 
structures,  and  the  shape  of  the  brain. 

The  Phylum  Kinorhyncha. — This  exclusively  marine  phylum  has 
about  100  known  species.     They  are  small  animals  (Fig.  143,C),  less 
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than  a  millimeter  in  length,  which  are  in  part  covered  with  elongated 
spines.  The  body  is  divided  into  thirteen  or  fourteen  segments  and 
there  is  a  retractile  head.  The  excretory  system  is  of  the  protoneph- 
ridial  type  with  flame  cells;  there  is  a  well-developed  pseudocoel  and 
a  pharynx  similar  to  that  of  the  nematodes.  The  sexes  are  separate, 
but  are  identical  in  appearance.  The  eggs  develop  into  larval  forms 
quite  different  in  appearance  from  the  adult.  By  a  series  of  molts,  the 
adult  form  is  gradually  attained. 


Fig.  143. — Representatives  of  some  minor  phyla  related  to  the  nematodes.  A, 
Chaetonotus,  a  gastrotrich;  B,  Priapulus,  a  priapulid;  C,  a  member  of  the  phylum 
Kinorhyncha.  DG,  Paragordius,  a  member  of  the  phylum  Nematomorpha :  D, 
entire  worm;  E,  larva;  F,  posterior  end  of  male;  G,  posterior  end  of  female.  H, 
Pedicellina,  an  entoproct. 


The  exact  relationships  of  this  phylum  are  quite  obscure,  but  due 
to  the  possession  of  a  pseudocoel  it  is  probable  that  their  relationships 
are  with  these  phyla. 

The  Phylum  Nematomorpha. — The  members  of  this  phylum 
are  commonly  known  as  "horsehair  worms"  or  gordiaceans  (Figs. 
143,D-G).  These  two  names  are  based  on  the  apparent  resemblance 
of  these  worms,  first  to  horsehairs,  and  second  to  the  Gordian  knot 
of  mythological  fame.  They  are  extremely  long,  slender  forms  which 
at  times  become  entangled  in  complex  masses.  While  most  of  the 
species  are  fresh-water  forms,  there  are  a  few  marine  representatives. 
The  adult  is  free-living,  but  the  larva  is  parasitic  in  arthropods. 
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While  these  worms  possess  a  pseudocoel,  it  is  largely  filled  with 
parenchymatous  tissue.  They  lack  an  excretory  system,  and  the  diges- 
tive system  though  complete  in  immature  worms  degenerates  at  both 
ends  in  the  adult.  There  is  a  nerve  ring  around  the  esophagus  which 
connects  to  a  single  midventral  nerve  cord.  There  are  a  few  sensory 
bristles  and  eyespots  in  the  head  region.  The  body  wall  is  similar  to 
that  of  the  other  pseudocoelomates.  The  sexes  are  separate,  and  the  male 
may  be  distinguished  by  the  coiled  posterior  end.  Each  sex  has  two 
gonads  located  in  the  pseudocoel.  Paired  reproductive  ducts  carry  the 
gametes   to   the   cloaca. 

Females  lay  the  eggs  in  long  strings  usually  about  aquatic  vegeta- 
tion. Each  egg  hatches  into  a  small  larva  which  possesses  a  stylette 
at  the  anterior  end.  These  larvae  swim  about  until  they  come  in  contact 
with  some  suitable  insect,  usually  a  grasshopper  or  cricket  which 
has  come  to  drink.  In  this  host,  the  larva  grows  in  size,  gradually 
filling  most  of  the  internal  cavity.  When  the  cricket  or  grasshopper 
goes  to  the  water  to  drink — a  desire  which  seems  to  be  encouraged 
by  the  presence  of  its  parasite — the  worm  escapes  and  the  adult  gordi- 
acean  emerges. 

PSEUDOCOELOMATE  PHYLA  OF  MORE  DISTANT 
RELATIONSHIP  TO  THE  NEMATODES 

Three  other  pseudocoelomate  phyla,  the  Acanthocephala,  the  En- 
toprocta,  and  the  Priapulida,  all  possess  characteristics  similar  to  those 
of  the  Nemathelminthes ;  however,  other  diverging  characteristics  dem- 
onstrate the  remoteness  of  this  relationship. 

The  Phylum  Acanthocephala. — The  members  of  this  phylum 
are  entirely  parasitic,  with  the  adult  stage  being  found  in  the  intestine 
of  various  vertebrates  and  the  larval  period  in  various  arthropods 
(Fig.  144).  Many  have  complex  life  histories  involving  several  larval 
changes. 

In  common  with  the  other  pseudoceolomates,  the  acanthocephalans 
possess  a  pseudocoel,  a  protonephridial  excretory  system  which  may 
be  lacking  in  some  species,  a  cuticle,  a  syncytial  epidermis,  and  sub- 
dermal  musculature.  They  differ  conspicuously  in  the  entire  absence 
of  a  digestive  system  and  by  their  possession  of  an  anterior,  retractible 
proboscis  which  is  covered  with  hooks.  A  muscular  proboscis  recep- 
tacle extends  into  the  pseudocoel.     Closely  associated  with  this   are 
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two  projections  of  the  epidermis,  the  lemnisci.     These  may  function 
as  fluid  reservoirs  for  the  retraction  of  the  proboscis. 

The  sexes  are  separate,  with  the  male  being  generally  smaller 
than  the  female.  In  the  male,  a  pair  of  large  testes  develop.  These 
are  contained  in  a  prominent  genital  ligament  which  extends  from  the 
proboscis  receptacle.  The  sperm  pass  from  the  testes  through  a  duct 
to  the  posterior  genital  pore  which  is  contained  in  a  large  bell-shaped 


P/vboscis 


Recepfade- 


of  neck        i"« 


Behachrs  of- 


lemniscus 


Brain 
Hefinacuhm 


--beniM 
ligarrKfjt 


-  Tesfi's 


-Jesh's 


Cemenf" 
glandi 


■rd. —  Bursa 


Fig.  144. — Anatomy  of  an  acanthocephalan,  Acanthocephalus.     (By  permission  from 
Invertebrate  Zoology  by  Van  Cleave,  1931,  McGraw-Hill  Book  Company,  Inc.) 


bursa.  The  distal  end  of  the  sperm  duct  is  modified  into  the  cirrus 
which  is,  of  course,  located  in  the  copulatory  bursa.  The  male  also 
has  a  group  of  cement  glands  just  posterior  to  the  testes  which  like- 
wise communicate  with  the  sperm  duct. 

The  female  has  no  permanent  ovary,  egg  masses  are  formed  and 
become  fertilized.  The  eggs  develop  large  individual  embryos  which 
are  surrounded  by  embryonic  membranes.     In  a  fully  gravid  female. 
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large  masses  of  these  embryos  may  be  seen.  Finally  they  pass  through 
a  structure  known  as  the  selective  apparatus  into  the  uterus  and  out 
the  genital  pore. 

All  classes  of  vertebrates  are  parasitized  by  the  members  of  this 
phylum.  One  well-known  economically  important  species  is  Macra- 
canthorhynchns  hintdinaceus,  the  thorny-headed  hog  worm.  This  large 
worm  is  parasitic  in  the  intestine  of  hogs  where  it  may  at  times  be- 
come very  abundant.  Its  intermediate  host  is  the  larva  of  the  June 
beetle.    Pigs  acquire  the  parasite  by  eating  these  larvae. 

The  Phylum  Entoprocta. — Except  for  one  species,  the  members 
of  this  phylum  are  all  marine.  They  are  sessile,  stalked  forms  (Fig. 
143,//)  which  occur  either  singly  or  in  colonies.  These  small,  nearly 
microscopic  forms  are  less  than  5  mm.  in  length.  The  body  consists  of 
a  rounded  mass,  the  calyx,  containing  the  visceral  organs  and  a  slender 
stalk.  Around  the  oral  edge  of  the  calyx  is  a  circle  of  tentacles.  Char- 
acteristic of  the  entoprocts  is  the  looped  digestive  tract  which  has  both 
the  mouth  and  anal  openings  within  the  circlet  of  tentacles.  The  ex- 
cretory system  consists  of  a  pair  of  protonephridia,  each  with  a  flame 
cell.  The  pseudocoel  is  largely  filled  with  gelatinous  material  which 
surrounds  the  various  organs.  Most  species  are  dioecious,  but  a  few  are 
hermaphroditic.  The  eggs  develop  into  a  free-swimming  larva  which 
later  attaches  and  develops  into  the  sessile  adult. 

There  are  only  some  sixty  species  known  in  this  comparatively 
small  phylum. 

The  Phylum  Priapulida. — The  members  of  this  marine  phylum 
constitute  a  small  though  well-defined  group.  There  are  but  three 
known  species  whose  relationships  are  obscure  (Fig.  143,5).  They  are 
warty  in  appearance  and  live  in  the  mud  of  the  colder  waters  of  the 
northern  and  southern  hemispheres.  Since  the  body  cavity  is  lined  with 
a  membrane,  they  at  times  have  been  interpreted  as  possessing  a  coelom. 
However,  this  lining  does  not  appear  to  be  a  true  peritoneum,  hence  they 
may  be  considered  as  pseudocoelomates.  Other  structures  also  relate 
them  to  this  group.    Very  little  is  known  of  their  habits  or  ecology. 


CHAPTER  24 

THE  PHYLUM  ANNELIDA  AND  OTHER 
WORMLIKE  COELOMATES 


The  last  and  most  advanced  forms  of  the  major  worm  phyla  are 
the  members  of  the  phylum  Annelida.  These  abundant  forms  can  be 
found  in  nearly  all  habitats.  Nearly  any  spadeful  of  garden  soil  has  its 
quota  of  earthworms,  the  best  known  representatives  of  this  group. 
Smaller  microscopic  relatives  of  the  earthworm  live  in  the  mud  at  the 
bottom  of  ponds  and  streams.  In  the  ocean,  other  representatives  of 
this  phylum  occur  from  the  intertidal  zone  to  the  greatest  depths.  These 
latter  vary  in  form  from  simple  wormlike  shapes  to  those  with  elaborate 
respiratory  gills  which  resemble  handsome  flowers.  Another  class  of 
this  phylum  contains  the  leeches  which  are  provided  with  suckers. 
Some  of  these  are  able  to  be  temporary  parasites  on  various  vertebrates. 

The  annelids  show  a  unique  combination  of  characters  some  of 
which  have  undoubtedly  been  inherited  from  their  more  primitive 
wormlike  progenitors,  others  which  represent  a  new  development  fore- 
shadowing still  more  highly  specialized  invertebrates.  One  of  these 
new  characteristics  is  the  development  of  segmentation.  Externally 
this  is  visible  as  the  ringlike  annulations,  the  source  of  the  name 
Annelida.  Thus  the  earthworm,  which  is  often  regarded  with  disdain, 
becomes  an  individual  of  some  symbolic  importance  in  the  development 
of  the  animal  kingdom. 

The  Characteristics  of  the  Phylum.— Like  the  other  worms, 
the  annelids  have  bilateral  symmetry,  three  germ  layers,  cephalization, 
and  an  organ  grade  of  construction.  As  unique  features,  these  worms 
have  a  true  coelom,  segmentation,  and  paired  appendages. 

A  true  coelom,  that  is,  one  lined  with  mesoderm,  appears  to  be 
characteristic  of  all  the  more  highly  developed  animals.  Thus  its  first 
appearance  in  this  phylum  marks  the  beginning  of  a  body  plan  which 
is  retained  in  such  highly   successful  groups  as  the  arthropods   and 


446 


Phylum  Annelida  and  Other  Wormlike  Coelomates         447 

molluscs.  The  vertebrates,  too,  have  a  true  coelom,  but  its  embryo- 
logical  origin  is  different  from  that  of  the  annelids.  In  the  development 
of  the  annelid  coelom,  blocks  of  mesoderm  split  to  form  the  coelom 
lined  with  peritoneum.  This  type  coelom  is  known  as  a  schizocoel 
since  its  arises  by  splitting.  This  contrasts  with  the  vertebrate  coelom 
or  enterocoel  which  arises  as  outpocketings  or  mesodermal  sacs  from 
the  roof  of  the  archenteron.  In  the  adult  structure,  these  coeloms  are 
identical. 

Segmentation  or  metamerism  as  it  first  appears  in  the  annelids 
likewise  has  been  successfully  exploited  by  the  higher  animals  including 
the  vertebrates  and  arthropods.  By  definition  metamerism  is  the  serial 
repetition  of  sections  from  the  anterior  to  the  posterior  end.  Each  small 
segment  or  section  contains  representative  portions  of  the  various 
organ  systems.  If  all  the  segments  are  identical  it  is  termed  homon- 
omous  metamerism;  if  they  are  unlike,  it  is  termed  heteronomous  me- 
tamerism. No  living  animal  is  completely  homonomous  as  the  head 
and  anal  segments  are  usually  modified ;  however,  the  annelids  ap- 
proach very  closely  to  the  basic  homonomous  type. 

Along  with  the  development  of  true  metamerism,  paired  appendages 
appear  among  these  forms.  Among  the  annelids,  primitively  each 
segment  must  have  had  a  single  pair  of  appendages,  but  most  living 
forms  possess  an  increased  number.  The  earthworm,  Lumhricus  ter- 
restris,  possesses  four  pairs  of  small  rodlike  setae  on  each  segment, 
while  many  of  the  marine  annelids  possess  very  elaborately  developed 
appendages.  The  use  of  these  appendages  for  locomotion  is  another 
feature  coordinated  with  the  flexibility  attained  by  the  metameric  body. 

Although  various  other  phyla  have  had  organ  systems,  the  an- 
nelids are  the  first  to  show  nearly  all  the  systems  (digestive,  excre- 
tory, reproductive,  circulatory,  etc.)  in  a  single  form.  This  again  is 
the  typical  condition  found  among  the  higher  invertebrates  and  demon- 
strates the  great  advances  which  the  annelids  have  made  over  the 
other  worms. 

The  body  wall  consists  of  several  distinct  layers.  The  outermost 
of  these  is  the  thin  noncellular  cuticle  which  appears  iridescent  due  to 
the  many  striations  on  its  surface.  This  possesses  numerous  .pores 
through  which  the  glands  of  the  epidermis  discharge  their  products. 
The  epidermis  which  is  directly  below  the  cuticle  is  a  single-celled 
layer;  many  of  the  cells  are  enlarged  and  function  as  unicellular 
glands.      Below  this   epidermis   are   the   muscle   layers,   consisting   of 
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an  outer  circular  and  an  inner  longitudinal  band.  The  longitudinal 
muscles  are  bounded  internally  by  the  parietal  peritoneum. 

The  coelom  is  divided  into  numerous  compartments  by  the  trans- 
verse septa,  each  of  which  extends  from  the  body  wall  to  the  digestive 
tract.  The  individual  septum  is  not  complete,  for  it  has  numerous 
small  openings  through  which  the  coelomic  fluid  circulates.  Within 
the  coelom  can  be  seen  the  paired  coiled  nephridia  of  the  excretory 
system. 

Nearly  every  segment  possesses  a  pair  of  nephridia  located  laterad 
to  the  digestive  tract.  Each  nephridium  is  essentially  a  coiled  tube 
opening  to  the  coelom  through  a  ciliated  funnel,  the  nephrostome,  and 
to  the  outside  through  the  nephridioporc.  The  funnel  opens  in  one 
segment  and  the  tube  passes  through  the  septa  into  the  following 
segments  where  the  bulk  of  the  coiled  tube  is  located.  The  nephridi- 
oporc is  also  in  this  latter  segment.  The  open  nephrostome  contrasts 
with  the  closed  flame  cell  of  the  protonephridial  system  of  the  acoelo- 
mates  and  some  of  the  pseudocoelomate  animals.  The  annelid  type 
is  known  as  a  metanephridial  system. 

Like  the  nematodes,  the  annelids  have  a  complete  digestive  tract. 
While  the  tract  is  essentially  a  straight  tube  through  the  body,  the 
anterior  portion  is  highly  differentiated  into  special  regions  for  grasp- 
ing, storage,  grinding,  and  digestion  of  food.  The  digestive  tract  is 
provided  with  layers  of  both  circular  and  longitudinal  muscles.  The 
inner  lining  of  the  tract  is  formed  of  tall  columnar,  epithelial  cells, 
many  of  which  are  enlarged  into  unicellular  glands.  The  outer  surface 
of  the  tract  is  covered  with  the  visceral  peritoneum. 

The  circulatory  system  is  quite  varied  in  its  details.  In  the  majority 
of  the  annelids,  this  is  a  closed  system  with  a  pulsating  dorsal  blood 
vessel  which  pumps  the  blood  throughout  the  body.  In  a  few  cases, 
there  is  no  special  circulatory  system,  and  the  coelomic  fluid  assumes 
the  vascular  functions.  The  circulatory  fluid  may  be  colorless,  red 
with  hemoglobin,  or,  in  a  few  cases,  green  due  to  the  presence  of  a 
copper  compound.  The  hemoglobin,  with  few  exceptions,  is  carried 
in  the  circulating  fluid  and  not  in  the  corpuscles.  Except  for  the  nemer- 
tines,  the  annelids  are  the  first  phylum  to  show  a  true  vascular  system. 
Unquestionably  the  nemertines  evolved  this  system  independently. 

While  a  great  number  of  the  annelids  simply  rely  upon  gaseous 
exchange  through  the  moist  body  wall,  some  marine  forms  have  elabor- 
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ate  gills.     Most  of  these  latter  forms  live  in  tubes  in  the  mud  and  ex- 
tend the  gills  above  the  surface  of  the  tube. 

A  pair  of  dorsal  ganglia  constitute  the  "brain"  of  the  annelids. 
From  this,  nerves  pass  anteriorly  to  the  sense  organs  of  the  head  re- 
gion, and  a  pair  of  connectives  circle  the  digestive  tract  and  join 
ventrally  to  form  a  double  nerve  cord.  In  each  segment,  lateral  nerves 
pass  to  the  body  wall  from  ganglia  of  the  ventral  nerve  cord.  Most 
of  the  annelids  are  well  supplied  with  sense  organs  for  perceiving  light, 
chemicals,  and  touch. 

Both  sexual  and  asexual  reproduction  are  known  among  the  an- 
nelids. Asexual  reproduction  usually  consists  of  transverse  fission  of 
the  body  and  regeneration  of  missing  parts.  Sexual  reproduction  is 
extremely  varied  and  generalizations  are  difificult.  Both  monoecious 
and  dioecious  species  are  found.  Some  forms  have  specialized  gonads, 
others  simply  bud  the  gametes  from  the  coelomic  walls.  A  few  forms 
utilize  the  posterior  segments  as  egg  sacs,  and  have  complicated  breed- 
ing cycles  and  mating  habits.  In  some  species,  development  is  direct 
while  in  others  an  unusual  larva,  the  trochophore,  develops. 

While  most  annelids  are  free-living  forms,  commensals  and  para- 
sites are  known. 

The  Classes  of  Annelida. — Within  this  phylum,  four  classes  are 
recognized. 

Class  I.  Archiannelida.  Segmentation  externally  indistinct,  with  paired  ten- 
tacles on  the  prostomium,  parapodia  or  setae  absent,  nervous  system  connected 
with  the  epidermis,  usually  with  a  trochophore  larva,  marine  forms.  Example : 
Polygordius. 

Class  II.  Polychaela.  Segmentation  distinct,  with  paired  lateral  parapodia- 
bearing  setae,  tentacles  in  head  region,  sexes  usually  separate,  often  with  trocho- 
phore larva,  mostly  marine  forms.  Examples:  Neanthes  (formerly  Nereis), 
Chaetopterus,  Amphitrite,  Glycera,  and  Eunice. 

Class  III.  Oligochaeta.  Segmentation  distinct,  with  relatively  small  number 
of  paired  setae  per  segment,  monoecious,  with  clitellum,  no  larva,  development 
direct,  found  mainly  in  moist  soil  and  fresh  water.  Examples :  Lumbricus,  En- 
chytraeus,  Nais,  Aeolosoma,  Tubifex,  and  Chaetogaster. 

Class  IV.  Hirudinea.  Segmentation  distinct,  often  marked  by  secondary 
rings  externally,  with  large  posterior  sucker  and  often  with  a  smaller  anterior 
one,  no  tentacles  or  setae,  anus  opens  dorsally,  coelom  more  or  less  filled  with 
parenchymatous  tissue,  monoecious,  no  larval  stage.  Found  in  both  fresh  and  salt 
water  and  on  land.     Examples :     Hirudo  medicinalis,  Placohdella. 
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THE  CLASS  ARCHIANNELIDA 

The  members  of  this  class  show  the  typical  annelid  characters  in 
a  somewhat  modified  form.  It  is  not  entirely  clear  as  to  whether  these 
characters  should  be  considered  as  primitive  or  as  degenerated  from 
more  highly  specialized  species.  Usually  these  worms  are  small  in 
size.  They  live  along  the  coastal  areas  all  over  the  world.  One  of  the 
commonest  genera  of  this  class  is  the  genus  Polygordius. 

Polygordius. — These  slender-bodied  worms  vary  in  length  from 
30  to  100  mm.  Externally  the  segmentation  is  indistinct  except  in 
the  anal  region ;  internally  it  is  indicated  by  septa.  There  are  no  setae 
or  parapodia.  The  anterior  end  of  the  worm  bears  a  pair  of  sensory 
tentacles  and  two  ciliated  grooves  which  are  probably  also  sensory. 
The  anal  segment  bears  papillae  and  projections.  Several  pairs  of  ne- 
phridia  are  present;  the  nerve  cord  is  single  and  has  no  ganglia  and 
is  not  separated  from  the  epidermis  by  mesodermal  elements.  A 
circulatory  system  consisting  of  several  blood  vessels  is  also  present. 

In  this  genus,  the  sexes  are  separate  and  the  gonads  develop  in 
the  posterior  segment  without  special  reproductive  ducts.  The  eggs 
hatch  into  a  typical  trochophore  larva. 

THE  CLASS  POLYCHAETA 

With  the  exception  of  a  few  fresh-water  forms,  the  numerous 
species  of  this  class  are  marine.  They  occur  from  intertidal  zone  to 
the  extreme  depths ;  some  are  pelagic  and  may  at  certain  times  be 
seen  swimming  at  the  surface  of  the  ocean  in  vast  numbers.  A  well- 
known  genus  of  this  group  that  occurs  on  both  coasts  of  this  country 
is  the  sandworm  or  clamworm,  Neanthes  (formerly  Nereis).  This  worm 
lives  in  the  lower  portion  of  the  intertidal  zone  and  is  often  used  as 
bait  by  coastal  fishermen. 

The  Anatomy  of  Neanthes. — The  elongate,  somewhat  flattened, 
segmented  body  of  Neanthes  (Fig.  146,5)  is  composed  of  a  varying 
number  of  segments.  This  number  may  be  as  high  as  200  and  the 
length  may  be  as  much  as  40  cm.  As  the  worm  grows,  new  segments 
are  added  just  anterior  to  the  anal  one.  The  anteriormost  segment  is  the 
peristomium  which  bears  four  pairs  of  tentacular  cirri,  two  ventral  and 
two  dorsal.  Anterior  to  the  peristomium  is  the  prostomimn.  Laterallv 
this  bears  a  pair  of  stout  palps,  dorsally  there  are  two  pairs  of  eyes,  and 
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anteriorly  a  pair  of  small  tentacles.  All  segments  except  the  peri- 
stomium  and  the  last  anal  segment  bear  parapodia.  The  last  segment 
contains  the  anal  opening  and  a  pair  of  cirri. 

Each  parapodium  (Fig.  145,5)  consists  of  a  dorsal  lobe,  the  noto- 
podium,  and  a  ventral  lobe,  the  neuropodium.  Each  lobe  contains 
numerous  setae  and  a  projection  known  as  the  cirrus.  Inside  the  in- 
dividual parapodium  are  two  chitinized  rods,  the  aciculi,  which  support 
it  and  aid  in  movements.  Capillaries  are  present  in  the  individual  para- 
podium ;  thus  the  parapodia  perform  the  double  function  of  respiration 
and  locomotion. 


PERISTOMIAI. 
TENTACLES 


PERISTOMIUM 


DORSAL  CIRRUS 


NEunOPODIUU 


VENTRAL    CIRRUS. 


Fig.  145. — The  clamworm,  Neanthes.     A,  Anterior  end;  B,  a 
parapodium;  C,  trochophore  larva. 


In  cross  section,  the  body  of  Neanthes  is  shown  to  be  of  a  tube 
within  a  tube  construction.  The  outer  tube  is  the  body  wall,  the  inner 
one  the  digestive  tract.  A  number  of  layers  form  the  body  wall.  The 
outermost  of  these  is  the  thin,  noncellular  cuticle.  Directly  below  this 
is  the  single-celled  epidermis  which  contains  numerous  glands.  Part 
of  the  dorsal  epidermis  is  well  supplied  with  blood  vessels  and  may 
assist  the  parapodia  in  gaseous  exchange.     Internal  to  the  epidermis 
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are  the  layers  of  muscles.  The  first  of  these  is  the  thin  layer  of  circular 
muscles;  below  this  are  the  longitudinal  muscles  which  are  arranged 
in  four  tracts,  two  dorsolateral  and  two  ventrolateral.  Oblique  mus- 
cle fibers  which  originate  in  the  median  ventral  line  pass  into  the 
lateral  portion  of  the  body  wall.  The  parietal  peritoneum  forms  the 
inner  membrane  of  the  body  wall. 

The  coelom  is  divided  into  segments  by  the  septa,  thin  sheets  of 
connective  tissue.  Dorsal  and  ventral  mesenteries  extending  from  the 
body  wall  to  the  intestine  divide  the  segments  into  right  and  left 
halves. 

The  mouth  which  is  located  ventral  to  the  prostomium  opens  into 
a  buccal  cavity.  Posterior  to  the  buccal  cavity  is  the  muscular,  pro- 
trusible  pharynx.  Two  large  jaivs  are  present  in  the  posterior  por- 
tion of  the  pharynx.  These  jaws  are  well  supplied  with  heavy  mus- 
cles. This  portion  of  the  digestive  tract  is  known  as  the  joregut  and 
can  be  everted  like  a  proboscis.  When  protruded,  numerous  small 
denticles  and  the  widely  opened  jaws  are  visible.  Behind  the  pharynx 
is  the  esophagus  which  leads  into  the  long  stomach-intestine.  The 
esophagus  is  located  in  segments  7  to  12  and  is  supplied  at  its  anterior 
end  with  two  large  caeca  which  may  have  a  digestive  function.  The 
long  stomach-intestine  is  slightly  constricted  in  each  segment. 

There  are  two  principal  blood  vessels  in  Neanthes;  one,  the  mid- 
dorsal,  acts  as  a  heart  to  pump  the  blood  forward ;  the  other,  the 
midventral,  carries  the  blood  posteriorly. 

In  each  segment  of  the  body  except  the  first  and  last  are  paired 
metanephridia.  The  ncphridiopores  are  located  on  the  ventral  surface 
of  each  parapodium.  The  nervous  system  is  essentially  like  that  de- 
scribed for  the  phylum.  The  sense  organs  are  highly  developed  in 
Neanthes.  The  tentacles,  palpi,  and  cirri  are  probably  all  tactile.  The 
four  eyes  are  quite  complex  in  structure. 

The  members  of  this  genus  are  dioecious,  but  there  are  no  spe- 
cialized organs  for  the  production  of  the  gametes.  These  simply  ap- 
pear as  seasonal  outgrowths  from  the  peritoneal  wall.  The  eggs  or 
sperm  mature  within  the  coelomic  cavity  and  are  released  either  by 
rupture  of  the  body  wall  or  through  the  ncphridiopores.  Fertilization  oc- 
curs outside  the  body  and  the  embryos  develop  into  trochophore  larvae. 

The  Trochophore  Larva. — The  trochophore  larvae  (Fig.  145,C) 
is  a  developmental  stage  found  in  the  marine  representatives  of  some 
phyla,  including  the  molluscs  and  annelids. 
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Typically  the  trochophore  larva  is  a  top-shaped  organism  with  a 
protruding  equator.  There  is  always  a  band  of  cilia  around  the  equator, 
just  above  the  mouth,  and  often  there  is  another  one  just  below  the 
mouth,  and  a  third  just  around  the  anus.  Externally  the  epithelium 
consists  of  but  one  layer.  It  is  thickened  at  the  upper  pole  and  bears 
a  sensory  tuft  of  cilia.  The  digestive  tract  is  complete,  consisting  of  a 
mouth  leading  into  an  expanded  stomach,  a  short  intestine,  and  an  anus 
at  the  lower  pole.  The  entire  lining  of  the  digestive  tract  is  ciliated. 
Between  the  digestive  tract  and  the  epithelium  is  the  pseudocoel  which 
is  derived  from  the  old  blastocoel.  In  the  pseudocoel  are  found  vari- 
ous mesenchymal  and  muscle  cells.  There  is  a  complex  nervous  system 
and  various  sense  organs  such  as  statocysts  and  eyespots.  A  pair  of 
modified  protonephridia   is   also  present. 

The  trochophore  larva  can  be  seen  to  be  of  the  pseudocoelomate 
type  and  in  its  general  appearance  and  structure  quite  similar  to  a 
rotifer.  In  fact,  the  rotifers  have  been  compared  to  the  trochophore 
larvae ;  however,  this  cannot  be  entirely  acceptable  as  a  theory,  for  the 
rotifers  are  highly  modified  from  this  larval  form.  The  fact  that  the 
trochophore  larva  occurs  in  two  such  widely  varying  phyla  as  the  an- 
nelids and  molluscs  has  lead  to  the  development  of  the  trochophore 
theory.  Essentially  this  theory  states  that  the  trochophore  larva  is  the 
larval  type  of  an  ancestral  form  common  to  these  and  other  related  phyla, 
and  possibly  also  to  the  pseudocoelomates. 

The  Biology  of  Neanthes. — Except  during  the  breeding  period, 
these  worms  remain  within  tubes  formed  in  the  sand  or  mud.  These 
tubes  are  lined  with  mucus.  The  head  end  of  the  worm  usually  pro- 
trudes from  the  tube  in  a  search  for  smaller  organisms  which  serve  for 
food.     Apparently  Neanthes  is  omniverous. 

In  color,  Neanthes  varies  from  violet  through  bright  red,  blue, 
and  greenish.  The  appearance  of  the  orange  and  red  is  greatest 
in  the  female  during  the  breeding  season.  During  the  breeding  season, 
these  worms  often  leave  their  burrows  and  become  free-swimming. 

Other  Polychaetes. — The  polychaetes  are  highly  variable  forms 
which  are  able  to  live  in  all  the  varying  habitats  of  the  ocean.  While 
most  abundant  in  the  intertidal  zone,  they  do  occur  at  great  depths.  Most 
are  tube  dwellers,  many  are  free-swimming,  and  a  few  are  parasitic. 

One  form,  the  palolo  worm,  Eunice  mridis,  lives  in  tubes  among  the 
corals  of  the  warmer  waters  near  Samoa  in  the  South  Seas  and  has  very 
interesting  breeding  habits.    It  stores  its  reproductive  cells  in  the  attenu- 
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ated  posterior  part  of  the  body.  During  the  last  quarter  of  the  October- 
November  moon,  this  part  of  the  body  with  its  contained  eggs  or  sperm 
breaks  off  and  swarms  to  the  surface  for  a  period  of  two  to  three  days. 
At  that  time,  the  water  is  clouded  with  the  masses  of  sperm  and  eggs. 
The  people  of  these  islands  go  out  in  boats  and  gather  this  caviar  in 
great  quantities.  A  similar  species  (Leodice  furcata)  which  lives  in  the 
Gulf  of  Mexico  has  similar  swarming  habits  in  June  and  July. 


d;^;',-rs 


Fig.  146. — Some  polychaetes.  a,  Sabella,  the  peacock  worm;  b,  Neanthes,  the 
clamworm;  c,  Chaetopterus,  a  tube  dweller;  d,  Amphitrite;  e,  Eunice  viridis,  the 
palolo  worm;  /,  Bispira,  the  fan  worm;  g,  Aphrodite,  the  sea  mouse. 

One  intertidal  form,  Chaetopterus,  lives  in  a  U-shaped  tube.  Its 
parapodia  are  highly  modified :  some  are  fanlike  to  facilitate  the  move- 
ment of  water  through  the  tube,  others  form  food  into  food  balls.  This 
latter  is  made  possible  by  mucus  secreted  in  strings  from  anterior  glands. 
These  catch  the  food  which  is  being  pumped  through  the  tube,  and  the 
modified  parapodia  form  these  slimy  strings  into  food  balls  which  are 
then  passed  forward  to  the  mouth. 

Other  tube-dwelling  polychaetes  have  nuilticolored  gills  and  tentacles 
which  protrude  from  the  tube  and  open  into  flowerlike  structures. 


THE  CLASS  OLIGOCHAETA 

The  members  of  the  class  Oligochaeta  are  chiefly  terrestrial  and 
fresh-water  forms.  Most  species  have  only  a  few  setae  in  place  of  the 
large  number  found  on  the  parapodia  of  the  polychaetes.  In  the  main, 
the  fresh-water  forms  are  small,  sometimes  being  only  a  few  millimeters 
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in  length.  Often  they  are  found  in  protozoan  cultures  in  large  numbers. 
The  terrestrial  species  or  earthworms  vary  greatly  in  size.  Some  are 
quite  small,  while  others  such  as  a  species  found  in  Australia  attain  a 
length  of  from  8  to  10  feet. 

One  of  the  most  abundant  earthworms  is  the  European  species, 
Lmnbricus  terrestris,  which  has  been  introduced  into  this  country.  It 
is  now  widespread  and  the  most  abundant  form  in  the  lawns  and  gardens 
about  houses. 

The  Anatomy  of  Lumbricus  terrestris. — L.  terrestris  at  times 
attains  a  total  length  of  10  to  12  inches  and  is  most  commonly  seen  on 
lawns  and  sidewalks  after  a  spring  rain.  Its  slender  elongated  form  is 
divided  externally  and  internally  into  about  120  segments.  Anteriorly 
the  worm  is  bluntly  rounded  with  a  ventral  mouth.  The  mouth  is  in 
segment  1,  the  peristomimn,  with  the  small  dorsal  prostomium  just  an- 
terior. In  segments  31  to  37  is  a  glandular  swelling  forming  a  dorsal 
saddle,  the  clitellum,  which  secretes  the  material  forming  the  egg  capsule. 
In  the  last  segment  of  the  worms  is  the  anus.  Each  segment  except  for 
the  first  and  the  last  has  four  pairs  of  small  setae. 

Besides  the  mouth  and  anus  there  are  a  number  of  other  smaller 
openings  (Fig.  150,^).  On  every  segment  but  the  first  three  and  last, 
there  is  a  pair  of  small  lateral-ventral  openings,  the  nephridiopores.  Ex- 
cept for  the  first  eight  segments,  each  has  a  small  dorsal  opening,  the 
dorsal  pore.  This  pore  is  located  at  the  anterior  dorsal  portion  of  the 
segment  and  communicates  directly  with  the  coelom.  In  the  furrows  be- 
tween segments  9  and  10,  and  10  and  11  are  the  tiny  paired  openings  of 
the  seminal  receptacles.  These  are  laterally  placed.  On  segment  14  are 
the  ventral  openings  of  the  paired  oviducts.  Ventrally  on  segment  15  are 
the  openings  of  the  paired  sperm  ducts.  Around  these  latter  openings 
are  swollen  lips  from  which  ridges  extend  to  the  clitellum. 

In  typical  annelid  fashion,  a  cross  section  demonstrates  the  "tube 
within  a  tube"  construction  of  the  body.  The  cuticle,  the  glandular 
epidermis,  the  circular  and  longitudinal  muscle  layers,  and  the  parietal 
peritoneum  form  the  body  wall.  In  the  regions  where  the  setae  emerge, 
special  retractor  and  protractor  muscles  are  visible.  The  coelom  is 
divided  into  segments  by  the  septa  and  portions  of  the  coiled  nephridia 
may  be  seen  in  each  segment.  The  entire  digestive  tract  is  maintained 
in  its  central  position  by  these  septa. 

Anteriorly  the  mouth  opens  into  the  buccal  cavity  which  occupies 
the  first  three  segments  and  which  leads  into  the  muscular  pharynx  of 
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segments  3  to  5.  Numerous  small  white  external  muscle  fibers  lead 
from  the  surface  of  the  pharynx  to  the  body  wall.  A  short  esophagus 
(segments  6  to  14)  leads  from  the  pharynx  to  the  crop  (segments  15  and 
16).  On  either  side  of  the  esophagus  in  segment  10  is  a  pair  of  small 
lateral  caeca;  in  segments  11  and  12  are  pairs  of  calciferous  glands. 
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Fig.   147. — Internal  anatomy  of   the   earthworm,   Luynbricus. 
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These  latter  glands  contain  particles  of  calicum  which  are  secreted  into 
the  esophagus.  Behind  the  thin-walled  crop  is  the  heavy  muscular  gizz- 
ard (segments  17  and  18)  which  leads  directly  into  the  long  stomach- 
intestine.  This  latter  terminates  in  the  anus  which  is  located  in  the  pos- 
teriormost  segment  of  the  body. 
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Fig.  148. — Cross  section  of  the  earthworm,  Lumbricus,  posterior  to  the  clitellum. 


A  cross  section  (Fig.  148)  of  the  stomach-intestine  shows  that  the 
digestive  tract  is  composed  of  a  number  of  layers.  The  lumen  is  lined 
with  a  thin  cuticle.  Directly  beneath  this  cuticle  is  a  layer  of  tall,  ciliated 
columnar  epithelial  cells,  some  of  which  are  enlarged  into  unicellular 
glands,  and  others  which  are  specialized  for  absorption  of  digested  foods. 
Extending  into  the  lumen  at  the  dorsal  portion  is  the  typhlosole  which 
is  also  covered  with  the  intestinal  epithelium.  This  structure  is  a  longi- 
tudinal fold,  running  the  length  of  the  stomach-intestine ;  it  functions  to 
increase  the  digestive  surface.  External  to  the  digestive  epithelium  is  a 
thin  layer  of  connective  tissue  overlain  by  the  muscular  layers.  There  is 
an  internal  circular  layer  and  an  external  longitudinal  one.  In  the  stom- 
ach-intestine, these  layers  are  quite  thin  and  difficult  to  distinguish  while 
in  the  pharynx  they  are  much  heavier.  Surrounding  the  intestine  is  a 
mass  of  loose  yellowish  cells,  the  chloragogen  cells.  These  also  fill  the 
typhlosole.  The  function  of  these  cells  is  not  clear,  but  it  has  been  sug- 
gested that  they  may  have  a  nutritive  function  for  the  developing  eggs 
or  that  they  may  be  excretory. 

The  blood  of  the  earthworm  circulates  through  a  complex  series 
of  closed  tubes  (Fig.  149).  Of  these,  the  dorsal  blood  vessel  is  largest 
and  is  present  just  dorsal  to  the  digestive  tract.     It  is  connected  with 
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the  smaller  ventral  blood  vessel  by  a  series  of  five  pairs  of  hearts  which 
pass  around  the  digestive  tract  in  segments  7  to  11.  The  pulsating  dor- 
sal blood  vessel  carries  the  blood  forward  to  the  hearts  and  to  the  anterior 
portion  of  the  body.  The  ventral  blood  vessel  is  located  between  the 
digestive  tract  and  the  ventral  nerve  cord.  It  delivers  blood  to  the 
nephridia,  the  body  wall,  and  the  ventral  wall  of  the  intestine  through 
a  series  of  smaller  blood  vessels  Ventral  to  the  nerve  cord  is  the 
subneural  blood  vessel  which  receives  blood  from  two  lateral  neural 
blood  vessels.  These  latter  in  turn  receive  blood  from  the  ventral  body 
wall.  These  three  blood  vessels  plus  the  ventral  blood  vessel  (after 
segment  11)  all  carry  blood  toward  the  posterior  portion  of  the  body. 
Blood  is  carried  dorsad  to  the  dorsal  blood  vessel  through  a  series  of 
parietals  which  arise  from  the  subneural  blood  vessel  and  others  from 
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Fig.  149. — Diagram  of  the  circulation  of  tlie  blood  in  the  earthworm. 
Arrows  indicate  the  direction  of  flow. 


the  digestive  tract.  There  are  several  other  blood  vessels  which  carry 
blood  into  the  typhlosole,  to  the  nephridia,  and  the  skin  surface.  The 
blood  is  pumped  forward  by  peristaltic  waves  in  the  dorsal  blood  vessel ; 
valves  within  the  vessel  prevent  backward  flow.  The  blood  of  the  earth- 
worm is  red  in  color  due  to  the  dissolved  hemoglobin.  Colorless  amoe- 
bocytes  circulate  in  the  fluid. 

There  is  no  specialized  respiratory  system ;  gaseous  exchange 
occurs  through  the  capillaries  lying  within  the  body  wall.  All  segments 
except  the  first  three  and  the  last  contain  a  pair  of  coiled  nephridia. 
Each  nephridium  consists  of  a  ciliated  nephrostome  and  the  coiled  tube 
which  opens  through  the  nephridiopore.  The  nephrostome  lies  at  the 
anterior  part  of  a  septum  in  the  region  of  the  nerve  cord.     The  tube 
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passes  through  the  septum,  coils  considerably,  and  then  passes  to  the 
outside  through  the  nephridiopore.  Thus  each  nephridium  occupies 
portions  of  two  segments.  Waste  materials  are  swept  by  the  cilia  of 
the  nephridium  from  the  coelom.  Blood  vessels  which  are  closely  asso- 
ciated with  the  nephridium  also  appear  to  discharge  waste  materials. 

Dorsal  to  the  pharynx  in  somite  3  is  a  pair  of  ganglia,  the  supra- 
pharyngeal  ganglia.  This  constitutes  the  so-called  brain  of  the  earth- 
worm. From  these  ganglia,  a  pair  of  small  nerves  go  forward  and  supply 
the  prostomium.  Two  large  circmnpharyngeal  connectives  pass  around 
the  pharynx  from  the  suprapharyngeal  ganglia  to  the  sub  pharyngeal 
ganglia.  From  here,  the  double  ventral  nerve  cord  extends  the  length 
of  the  body.  Each  segment  is  supplied  with  a  ganglion  on  this  nerve 
cord  and  three  pairs  of  lateral  nerves. 

Sensory  cells  are  present  in  the  epidermis,  particularly  in  the  an- 
terior portion.    Many  of  these  are  sensitive  to  light,  touch,  and  chemicals. 

L.  terrestris  is  a  monoecious  animal.  Two  pairs  of  very  small  testes 
are  present  in  somites  10  and  11.  Just  posterior  to  each  testis  is  a 
ciliated  sperm,  funnel  which  passes  into  a  very  short  vas  efferens.  On 
each  side,  the  vas  efferens  join  in  segment  12  to  form  a  vas  deferens 
which  opens  to  the  outside  through  the  pore  in  segment  15.  The  testes 
with  their  funnels  are  within  the  two  pairs  of  seminal  vesicles  of  seg- 
ments 9  to  13.  These  latter  are  the  large  conspicuous  structures  which 
surround  the  esophagus.  The  sperm  cells  are  immature  when  discharged 
from  the  testes  and  complete  their  development  in  the  seminal  vesicles. 

The  paired  ovaries  are  in  an  anterior  position  in  segment  13.  At 
the  posterior  portion  of  this  same  segment  are  the  ovarian  fminels  which 
pick  up  the  ova  as  they  are  discharged  into  the  coelom.  These  connect 
to  the  oviducts  which  open  to  the  outside  on  segment  14.  In  segments 
9  and  10  are  two  pairs  of  seminal  receptacles  where  sperm  is  stored  until 
the   eggs   are   ready   to   be   fertilized. 

Mating  Behavior  of  L.  terrestris.— Even  though  male  and  female 
organs  are  present  in  each  worm,  self-fertilization  is  not  possible.  Copu- 
lation between  two  worms  occurs  most  frequently  during  warm  moist 
weather  and  always  at  night.  The  worms  come  out  of  their  burrows, 
stretch  out  with  the  heads  pointing  in  opposite  directions  and  bring  their 
ventral  surfaces  together.  Special  setae  which  actually  penetrate  the 
body  wall  and  sticky  secretions  from  the  clitellum  and  other  body  glands 
aid  in  keeping  the  worms  together  during  copulation.  The  clitellum  of 
each  worm  is  opposite  segments  7  to  12  of  the  other  worm  and  is  held 
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tightly  by  these  special  setae  and  secretions.  Another  close  connection  is 
made  between  segments  26  of  one  worm  and  15  of  the  other.  The 
grooves  between  segment  15  and  the  clitellum  form  a  passageway  for 
sperm  which  enters  the  seminal  receptacle  of  the  other  worm.  After 
two  or  three  hours  the  worms  separate. 


PBOSTOMIUM 
PtBISTOMIUM 


OPENNGS  OF. 

SEMINAL 
RECEPTACLES 
OPENING   OF. 
OVIDUCT 


opfninCt  of       _ 

'.             •<:;. 

.. 

;!                  ';■ 

SEMINAL 

—1                I- 

GROOVE 

:■           T) 

•  -:                '■ 

CLITELLUM. 


A 


Fig.  150. — The  earthworm,  Lumbricus  terrestris.  A,  Ventral  view  of  anterior 
portion;  B,  diagram  illustrating  copulation;  C,  cocoon  containing  eggs;  D,  diagram 
of  cross  section  of  two  earthworms  in  copulation. 


Around  somites  9  to  36  a  slime  tube  is  formed  by  each  worm.  Inside 
this,  around  the  clitellum,  is  formed  a  cocoon.  The  slime  tube  contain- 
ing the  cocoon  gradually  slips  forward  and  the  sperm  are  picked  up  from 
the  seminal  receptacle.  The  worm  withdraws  and  the  lemon-shaped 
cocoon  closes  at  both  ends.  It  is  left  in  the  moist  earth.  Fertilization 
occurs  within  the  cocoon,  and  development  is  direct  with  no  intervening 
larval  stages. 

The  Biology  of  L.  terrestris. — Scattered  over  the  body  surface, 
but  concentrated  to  some  extent  at  the  anterior  end,  are  many  sense 
receptors.  By  means  of  these,  the  earthworms  react  to  chemicals,  heat, 
light,  moisture,  and  pressure.  They  show  a  positive  reaction  to  food  and 
a  negative  one  to  irritating  chemicals.    Earthworms  demonstrate  a  nega- 


Phylum  Annelida  and  Other  Wonnlike  Coelomates         461 

tive  reaction  to  light  and  heat  and  a  positive  one  to  moisture.  Mechani- 
cal stimulation  evokes  a  response  from  the  earthworm :  they  are  strongly 
thigmotactic.  Strong  vibratory  stimuli  result  in  the  withdrawal  of  the 
worm  into  its  burrow. 

From  these  responses,  it  can  be  easily  understood  that  the  earth- 
worms are  nocturnal  animals  which  remain  hidden  in  their  burrows 
during  the  daytime.  They  emerge  only  at  night  or  after  a  heavy  rain. 
The  burrows  offer  great  protection  to  the  earthw-orm ;  they  are  able  to  re- 
main securely  in  them  by  means  of  their  setae.  Often  the  w^orm  extends 
the  anterior  portion  of  the  body  out  from  the  burrow,  leaving  the  pos- 
terior part  firmly  anchored.  This  allows  for  rapid  retreat  in  case  of 
necessity.  In  light  soils,  the  earthworm  simply  pushes  its  way  through, 
while  in  heavier  ones,  they  literally  eat  their  way  through,  casting  the 
mounds  of  feces  at  the  surface  of  the  burrow.  They  feed  on  organic 
detritus  such  as  leaf  mold  which  they  suck  into  their  buccal  cavity  by 
means  of  the  muscular  pharynx. 

Compared  to  the  fiatworms,  the  earthworm  has  but  limited  powers 
of  regeneration.  The  adult,  however,  can  regenerate  lost  tail  segments 
or  even  head  segments. 

Earthworms  exist  in  great  numbers  in  such  places  as  old  pastures, 
lawns,  and  gardens.  Charles  Darwin  estimated  that  about  26,886  worms 
could  live  in  an  acre  of  old  pasture.  This  many  earthworms  play  an 
amazing  part  in  turning  over  and  aerating  the  soil.  Since  they  make 
burrows  in  the  soil  by  literally  eating  their  way  through,  they  bring  the 
lower  soil  to  the  surface  in  their  castings.  Again  Darwin  estimated  that 
if  each  worm  annually  ejected  20  ounces  of  earth,  it  would  make  a 
total  of  nearly  15  tons  thrown  up  annually  by  the  acre  containing  26,886 
w'orms.  From  his  observations,  he  felt  that  the  activity  of  worms  played 
a  great  part  in  the  burying  of  heavy  objects  in  fields.  Since  earthworms 
feed  on  organic  materials  such  as  dead  leaves  which  they  drag  into  their 
burrows,  they  play  a  great  part  in  fertilizing  the  soil. 

The  earthworms  play  a  minor  role  as  vectors  of  animal  diseases. 
They  are  intermediate  hosts  for  fowl  cestode  and  pig  lungworm  and 
carriers  for  gapeworm  of  chickens. 

Other  Oligochaetes.  —  Compared  to  the  polychaetes,  the  oli- 
gochaetes  are  a  highly  uniform  group  so  far  as  appearance  is  concerned. 
A  number  of  species  of  earthworms  occur,  but  all  bear  close  resemblance 
to  one  another.  In  fresh  water,  many  small  oligochaetes  occur,  includ- 
ing such  genera  as  Chaetogaster,  Aeolosoma,  Nais,  and  Stylaria.     In 
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the  bottom  of  polluted  waters,  the  red-colored  Tuhijex  occurs  in  large 
numbers,  and  is  used  by  many  animals  as  a  food.  One  family  of  this 
class,  the  Branchiobdellidae  (Fig.  \S\,A),  live  as  commensals  on  the 
gills  and  exoskeleton  of  crayfish.  These  have  suckers  and  have  lost  their 
setae ;  they  serve  as  intermediate  hosts  for  the  important  kidney  worm 
{Dioctophyme  renale),  a  nematode  parasite  of  carnivores.  Throughout 
the  soil,  the  members  of  another  family,  the  Enchytraeidae,  occur  in  vast 
numbers.    These  are  small  threadlike  worms. 

THE  CLASS  HIRUDINEA 

The  fourth  major  class  of  the  annelids  is  that  containing  the  leeches 
(Fig.  151,5),  the  class  Hirudinea.  These  highly  modified  annelids 
typically  live  in  fresh  water  in  the  temperate  and  tropical  regions  of  the 
world.  Only  a  few  are  known  from  the  ocean,  and  a  few  forms  have 
become  terrestrial  in  moist,  tropical  areas. 


Fig.    151. — Other  eucoelomates.     A,   Camb arm  cola,   a   branchiobdellid;    B,    Glos- 
siphonia,  a  leech;  C,  Dendrostonia,  a  sipunculid;  D,  Echiurus,  an  echiuroid. 


With  but  a  few  important  modifications,  the  body  plan  of  the  leeches 
is  essentially  that  of  the  other  annelids.  Chief  among  these  modifica- 
tions is  the  presence  of  two  suckers,  a  small  oral  one  around  the  mouth 
and  a  large  posterior  one.  The  somewhat  flattened  body  contains  thirty- 
three  segments  which  are  externally  divided  many  times  by  additional 
rings.  Setae  are  lacking,  and  the  entire  coelom  is  filled  with  par- 
enchymatous tissue.    The  crop  is  the  largest  part  of  the  digestive  tract 


Phylum  Annelida  and  Other  IVormlike  Coelomates         463 

and  is  highly  branched.  There  are  nine  or  ten  segmentally  arranged 
testes  and  paired  ovaries. 

While  many  leeches  are  free-living,  feeding  on  insect  larvae  and 
v^orms  which  they  find  in  the  muddy  bottoms  of  streams  and  lakes, 
others  are  parasitic  on  vertebrates  such  as  turtles  and  fish.  They 
rasp  holes  by  means  of  their  teeth  and  jaws  in  the  soft  portions  of  the 
vertebrate  body  and  suck  the  blood.  This  is  stored  and  slowly  di- 
gested in  the  much-branched  crop. 

One  common  species  of  leech,  Hirudo  medicinalis,  the  medicinal 
leech,  is  used  even  at  present  in  some  parts  of  the  world  to  remove 
blood  from  bruises  and  clots.  Leeches  are  able  to  keep  blood  flowing 
and  to  prevent  its  clotting  by  a  substance  in  their  saliva  known  as 
hirudin.  Hirudin  is  a  powerful  anticoagulant  and  has  been  used  in 
'medical  practice  to  dissolve  emboli  and  other  blood  clots. 

In  the  southeast  of  Asia  and  the  East  Indies,  the  land  leeches 
occur  in  tremendous  numbers  in  the  tropical  rain  forests.  Here  they 
attack  any  passing  warm-blooded  animal  including  man.  Travelers 
have  reported  that  the  leeches  are  poised  on  leaves,  heads  raised,  wait- 
ing to  attach  any  unwary  passerby.  Others  have  spoken  of  the  man- 
ner in  which  the  leeches  converge  from  all  directions  to  the  prospective 
meal.  These  leeches  can  stretch  to  considerable  length,  becoming  very 
thin.  Thus  they  can  pass  through  tiny  openings  in  clothes  and  inflict 
their  wounds.  Once  the  leech  is  engorged  it  falls  to  the  ground,  but 
the  wound  continues  to  bleed  due  to  the  presence  of  the  hirudin  in  the 
blood. 

OTHER  EUCOELOMATES  RELATED  TO  THE  ANNELIDA 

The  members  of  the  phyla  Echiuroidea  and  Sipunculoidea  are  both 
wormlike  forms  whose  further  relationship  to  the  Annelids  is  demon- 
strated by  their  possession  of  a  true  coelom  and  a  modified  trochophore 
larva.  Both,  however,  are  sufficiently  different  from  the  annelids  to 
merit  being  placed  in  different  phyla. 

The  Phylum  Echiuroidea.— The  members  of  this  phylum  (Fig. 
151, D)  are  entirely  marine  forms.  They  have  cylindrical,  saclike  bodies 
and  a  long,  often  spoon-shaped,  extensible  proboscis.  Most  are  small, 
but  one  dwelling  off  the  coast  of  Japan  attains  a  length  of  nearly  6 
feet. 

The  adult  worms  are  unsegmented,  without  parapodia,  but  with 
ventral  setae.     The  digestive  tract  is  complete  with  an  anterior  mouth 
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and  a  posterior  anus;  often  the  alimentary  tract  is  greatly  coiled  and 
much  longer  than  the  body.  Some  forms  have  a  closed  circulatory  sys- 
tem ;  all  have  nephridia  which  function  as  gonoducts.  A  pair  of  caeca, 
the  anal  vesicles,  which  open  into  the  rectum  are  the  chief  excretory 
organs  of  the  animals.  These  caeca  are  provided  with  ciliated  funnels 
which  open  into  the  coelom.  The  sexes  may  or  may  not  be  separate ; 
at  times  sexual  dimorphism  is  very  marked.  The  main  portion  of  the 
nervous  system  is  a  ventral,  unsegmented,  nerve  cord  which  gives  off 
many  pairs  of  nerves.  At  the  anterior  end,  this  bifurcates  and  the  two 
resulting  cords  extend  into  and  throughout  the  length  of  the  proboscis. 
There  are  no  sense  organs,  but  the  proboscis  is  sensitive  to  touch. 

The  members  of  the  genera  Echiurits  and  Urechis  are  found  in 
the  coastal  waters  of  this  country.  The  genus  Echiurits  is  the  better 
known  one  and  is  abundant  in  the  North  Atlantic  and  along  the  coastal 
areas  of  Alaska;  the  genus  Urechis  is  found  along  the  Pacific  Coast 
from  California  to  Chile,  and  in  Japan. 

Both  of  these  animals  live  in  U-shaped  burrows  in  mud  flats  and 
keep  a  current  of  water  flowing  through  by  means  of  contractions  of 
their  bodies. 

When  feeding,  Echiurus  extends  the  proboscis  from  the  burrow  and 
the  outer  edges  pick  up  organic  materials  which  may  be  scattered  over 
the  mud's  surface.  This  material  is  mixed  with  mucus  and  carried  to 
the  mouth.  The  proboscis  is  then  withdrawn  and  protruded  in  an- 
other direction.  Urechis  has  a  totally  different  method  of  feeding. 
It  constructs  a  mucus  tube  at  the  top  of  its  burrow  then  slowly  with- 
draws, leaving  its  upper  portion  attached  to  the  bottom  of  this  tube. 
By  a  series  of  pumping  motions,  water  is  rapidly  drawn  through  the 
tube  and  food  materials  are  caught.  When  the  tube  is  filled  with  food, 
Urechis  contracts  to  loosen  the  tube  from  its  body,  grasps  the  tube 
with  its  proboscis,  and  swallows  it.  A  new  tube  is  usually  spun  im- 
mediately. 

These  animals  seldom  need  to  make  new  burrows  and  may  occupy 
a  single  site  for  many  years.  As  a  result,  they  often  have  commensals 
dwelling  with  them.  These  are  such  animals  as  small  crabs,  clams, 
small  fish  which  benefit  from  the  constant  currents  of  aerated  water  and 
food. 

Neither  of  these  genera  possesses  special  gonads ;  the  eggs  and 
sperm  are  budded  off  from  the  body  cavity  lining.  They  are  usually 
stored  temporarily  in  paired  sacs  within  the  coelom.     Urechis  spawns 
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in  early  summer,  and  all  of  the  individuals  in  an  area  spawn  at  the 
same  time.  Thus  fertilization  is  ensured.  The  fertilized  eggs  become 
swimming  trochophore  larvae  for  some  forty  days  before  metamor- 
phosing into  the  typical  burrowing  worms. 

The  Phylum  Sipunculoidea. — These  saclike  worms,  sometimes 
known  as  "peanut  worms"  are  all  marine  forms  which  usually  dwell 
in  shallow  water  (Fig.  151, C).  Some  live  in  sand,  others  under  rocks, 
and  still  others  in  empty  burrows  or  shells  of  other  animals.  Most  of 
them  are  quite  small,  but  one  species  attains  a  length  of  18  inches. 
Those  dwelling  under  rocks  tend  to  be  slenderer  than  those  that  bur- 
row in  the  sand  or  mud. 

The  body  of  the  sipunculids  is  unsegmented  and  lacks  setae  or 
parapodia;  at  times  a  blood-vascular  system  is  present.  The  single 
pair  of  nephridia  act  as  gonoducts  and  the  sexes  are  separate.  There  is 
a  ventral  nerve  cord.  The  anterior  portion  of  the  body  has  a  retractile 
proboscis  surmounted  by  tentacles.  The  digestive  tract  is  complete 
with  both  mouth  and  anus  opening  at  the  anterior  end.  This  is  a  very 
convenient  arrangement  for  an  animal  that  lives  in  shallow  burrows, 
for  feces  can  be  expelled  easily. 

When  feeding,  the  sipunculid  spreads  its  tentacles  over  the  surface 
in  which  it  is  living.  The  cilia  on  the  tentacles  beat,  causing  a  flow 
of  current  toward  the  tentacles.  Food  which  is  brought  in  with  these 
currents  is  entangled  in  mucus.  This  food  is  then  carried  to  the  mouth 
and  swallowed.  There  is  little  or  no  selection  of  particles  by  the  ten- 
tacles, and  small  grains  of  sand  are  swallowed  as  readily  as  tiny  ani- 
mals. 

The  eggs  and  sperm  arise  from  the  lining  of  the  anterior  portion 
of  the  body.  These  are  discharged  into  the  water  and  a  trochophore 
larva  develops  from  the  fertilized  eggs.  After  a  brief  swimming  period, 
these  larvae  metamorphose  into  the  adults.  Often  just  before  the  spawn- 
ing period,  the  sipunculids  gather  in  great  numbers. 

In  California,  North  Carolina,  Key  West,  and  Europe,  the  most 
commonly  seen  sipunculid  is  Sipunculus  niidus ;  in  California,  the  com- 
mon peanut  form,  Dendrostoma  petraeuni,  lives  beneath  rocks. 


CHAPTER  25 

THE  PHYLUM  MOLLUSCA  AND  SOME 
MINOR  EUCOELOMATE  PHYLA 


No  region  of  the  habitable  earth  is  without  its  moUuscan  popula- 
tion. On  land  they  may  be  found  from  the  moist  forest  to  the  driest 
deserts,  and  from  areas  below  sea  level  to  the  highest  mountains.  All 
bodies  of  fresh  water  have  scores  of  molluscan  inhabitants;  the  ocean 
boasts  an  even  greater  number  and  variety  of  forms.  From  the  ex- 
tensive fossil  record,  it  is  clear  that  this  is  true  not  only  for  present 
times,  but  has  been  the  condition  from  very  early  geological  periods. 

Like  most  major  phyla,  the  classes  of  the  Mollusca  differ  greatly 
in  appearance.  At  first  it  seems  difficult  to  reconcile  the  placing  of 
the  octopus  and  the  clam  in  the  same  phylum ;  nevertheless  these  two 
seemingly  unlike  forms  have  important  characters  in  common.  Among 
these  is  the  soft  body  from  which  the  phylum  name  is  derived  and  the 
presence  of  the  glandular  mantle  which  secretes  a  shell.  The  shell  of 
the  clam  is  external,  while  the  shell  of  the  octopus  is  an  internal  sup- 
porting structure.  Also  sharing  these  important  characters  are  the 
snails,  the  chitons,  the  tooth  shells,  and  the  squids. 

Like  the  annelids,  the  molluscs  have  an  organ  grade  of  construction 
and  have  all  major  organ  systems  well  developed.  Their  success  as  a 
group,  however,  is  traceable  to  other  specializations.  They  are  ex- 
perts at  protection  :  the  snails  and  clams  rely  upon  their  heavy,  limy  outer 
shells,  while  the  octopus  and  squid  rely  upon  such  complex  acquisitions 
as  jet  propulsion,  smoke  screens,  speed,  and  extraordinarily  well-de- 
veloped nervous  systems  and  sense  organs. 

Since  most  of  the  marine  molluscs  have  a  modified  trochophore 
larva  known  as  a  veliger,  it  may  be  safely  assumed  that  both  the  an- 
nelids and  molluscs  arose  from  some  common  unknown  ancestral  form. 

Characteristics  of  the  Phylum. — Like  all  higher  animals,  the 
molluscs  possess  three  germ  layers  and  an  organ  grade  of  construc- 
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tion.  All  the  organ  systems  are  present  and  well  developed.  They 
possess  other  characteristics  in  common  with  the  higher  invertebrates, 
but  many  of  them  are  highly  modified. 

All  molluscs,  for  example,  are  bilaterally  symmetrical,  but  in  some 
groups  the  visceral  organs  have  been  twisted  into  an  almost  asymmetri- 
cal pattern.  The  coiled  shell  obscures  the  fundamental  bilaterality  of  the 
snail.  A  true  coelom  is  present  in  all  molluscs,  but  its  degree  of  de- 
velopment varies  in  the  different  classes.  In  most  forms,  it  is  reduced 
to  the  pericardial  cavity  surrounding  the  heart  and  spaces  within  the 
kidneys  and  gonads  which  are  connected  with  the  pericardial   cavity. 

In  these  forms,  the  visceral  organs  are  grouped  as  a  well-defined 
mass,  "the  visceral  mass." 

Among  some  molluscs,  cephalization  is  well  developed.  There  is 
a  head  region  with  concentrations  of  nervous  tissue  and  highly  developed 
sense  organs  among  the  snails,  squids,  and  octopuses ;  in  the  clam, 
cephalization  is  practically  nonexistent. 

Unlike  the  annelids  and  arthropods,  the  molluscs  lack  segmentation. 
While  segmentation  is  of  great  value  for  movement  in  the  arthropods 
and  annelids,  it  would  be  of  but  little  value  to  a  body  form  such  as 
that  developed  by  the  molluscs.  For  the  shelled  forms,  a  muscular 
foot  serves  as  the  locomotor  apparatus,  while  the  squids  and  octopuses 
have,  in  general,  flexible  bodies.  In  all  classes  except  that  of  the  squids 
and  octopuses,  the  foot  is  well  developed  and  variously  shaped.  Among 
the  latter  it  is  modified  into  long  tentacles  possessing  suckers.  These, 
too,  are  used  for  crawling  and  grasping,  although  very  rapid  movements 
are   accomplished   by   the   ejection   of   water   from   the   mantle   cavity. 

The  glandular  mantle  is  a  unique  possession  of  the  members  of  this 
phylum.  In  those  molluscs  possessing  an  external  shell,  it  is  located 
directly  under  the  shell ;  in  the  others  its  position  is  variable.  In  all, 
however,  the  mantle  does  secrete  the  shell  whether  it  be  an  internal  or 
external  one. 

There  is  a  complete  digestive  tract  which  is  again  variously  modi- 
fied in  the  different  classes.  Among  the  snails,  it  is  often  U-shaped  with 
the  mouth  and  anus  opening  close  together ;  in  clams  it  is  coiled,  but 
the  anus  opens  at  the  posterior  end  of  the  body.  There  is  a  large  di- 
gestive gland  associated  with  the  tract.  In  most  forms  there  is  a  spe- 
cial rasping  organ,  the  radiila,  in  the  mouth. 

The  circulatory  system  is  of  the  open  type,  that  is,  there  is  a 
heart  consisting  of  a  ventricle  and  auricle,  blood  vessels  leading  into 


468         The  Animal  Kingdom 

and  out  of  the  heart,  and  an  extensive  series  of  blood  sinuses,  the 
hemocoel.  The  circulatory  fluid  has  as  its  respiratory  pigment  hemo- 
cyanin  or  hemoglobin  in  a  few  cases. 

The  respiratory  system  is  highly  variable.  In  some,  gills  are  pres- 
ent, in  others  a  lunglike  structure,  and  yet  in  others  the  mantle  or 
epidermis  performs  as  an  organ  of  respiratory  exchange.  The  excretory 
system  consists  of  a  kidney  composed  of  numerous  metanephridial 
tubules. 

Like  all  the  other  systems  of  the  molluscs,  the  nervous  system 
varies  greatly  in  the  different  classes.  Basically  it  is  composed  of  scat- 
tered ganglionic  masses  connected  by  nerve  tracts.  Sense  organs  are 
present  in  varying  degrees  of  development  among  the  different  species. 
The  squids  and  octopuses  possess  eyes  comparable  in  complexity  to  the 
vertebrate  eye. 

The  sexes  are  usually  separate ;  development  may  be  direct  or 
through  a  modified  trochophore  larva,  the  veliger.  Cleavage  is  deter- 
minate. 

The  Classes  of  Mollusca. — There  are  five  classes  which  are  dis- 
tinguished from  one  another  by  the  character  of  the  foot  and  mantle. 

Class  I.  Aniphineura.  Forms  possessing  elongated  bodies  usually  with  a 
dorsal  shell  consisting  of  eight  plates  with  a  large  oval,  ventral  foot.  All  marine 
forms.    Example :  chitons. 

Class  II.  Scaphopoda.  Mantle  and  shell  tubular  and  curved,  open  at  both 
ends,  strictly  marine  forms,  with  cone-shaped  foot.  Example :  Dentalium,  the 
tooth  shell. 

Class  III.  Gastropoda.  Usually  with  an  asymmetrical  mantle  and  shell, 
distinct  head  bearing  tentacles.  Foot  large  and  flat ;  some  forms  without  an  ex- 
ternal shell.  Marine,  fresh-water,  and  terrestrial  dwellers.  Examples :  snails, 
slugs,  and  limpets. 

Class  IV.  Pelecypoda.  Visceral  mass  enclosed  in  a  double-hinged  shell, 
mantle  under  the  shell,  foot  hatchet-shaped.  Both  marine  and  fresh-water  forms. 
Examples :  clams,  oysters,  mussels,  shipworm. 

Class  V.  Cephalopoda.  Mantle  may  or  may  not  secrete  a  shell  which  is 
either  internal  or  external,  large  head  with  many  tentacles,  well-developed  eyes, 
mouth  with  horny  jaws  and  radula.  All  marine  forms.  Examples  :  squids,  octopuses, 
nautilus. 

THE  CLASS  AMPHINEURA 

This  class,  which  includes  the  chitons  (Fig.  156,i),  shows  the 
typical  molluscan  characteristics  in  the  least  modified  form.  These 
strangely  armored  molluscs  with  their  eight  dorsal  plates  are  found  in 
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rocky  areas  along  the  coast.  When  pried  from  their  secure  hold  on 
rocks,  they  roll  up  into  firm  l)alls ;  mostly  they  are  seen  as  flattened  at- 
tached animals  browsing  on  the  many  algae  which  also  dwell  upon  the 
rocks. 

Underlying  the  eight  dorsal  plates  is  the  mantle.  It  extends  around 
the  margin  and  slightly  over  the  ventral  surface.  Ventrally  the  mantle 
is  separated  from  the  large  muscular  foot. 

The  sexes  are  separate.  The  gonad  is  a  large  mid-dorsal  organ 
which  opens  through  a  duct  and  gonopore  in  the  mantle  cavity.  The 
fertilization  of  the  eggs  is  external,  and  they  may  be  discharged  singly 
or  in  strings.  The  zygote  usually  develops  into  a  trochophore  larva 
which  is  free  swimming  for  a  short  period  before  metamorphosing  into 
the  typical  adult. 

The  Solenogastres  are  a  peculiar  group  of  this  class  which  live 
in  deep  water.  They  are  wormlike  in  appearance  and  the  mantle  covers 
the  entire  body.     There  is  no  shell,  but  tiny  limy  spicules  are  present, 

THE  CLASS  SCAPHOPODA  — 

This  small  group  of  molluscs  known  as  the  tooth  shells  or  tusk 
shells  (Fig.  156,m)  live  in  sandy  areas  from  low  tide  mark  to  great 
depths.  The  curved  tapering  shell  is  open  at  both  ends  with  the 
larger  opening  at  the  head  end.  The  foot,  located  at  the  head  end,  is 
modified  into  a  conical  digging  organ.  There  are  no  special  sense  or- 
gans, but  there  are  extensible  filaments  with  suckerlike  discs.  These 
possibly  serve  as  tactile  organs  and  also  for  grasping  food.  The  mouth 
contains  a  radula.  There  is  a  simple  vascular  system  with  a  much- 
reduced  heart ;  there  are  no  gills — respiration  takes  place  through  the 
mantle.  Their  symmetry  is  bilateral  and  is  but  little  modified.  The 
sexes  are  separate  and  the  fertilized  eggs  develop  into  trochophore 
larvae. 

These  unusual  molluscs  lie  buried  deeply  in  the  sand  with  only 
the  open  smaller  end  protruding  into  the  water.  Water  is  pumped  in 
and  out  of  the  mantle  cavity  through  this  opening.  Food  consists  of 
small  organisms  encountered  in  the  sand. 

Shells  of  the  genus  Dentalium  were  often  used  by  the  West  Coast 
Indians  as  money. 
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THE  CLASS  GASTROPODA 

Typically  the  gastropods  have  the  soft  body  enclosed  within  a 
spirally  coiled  shell.  The  most  familiar  of  the  gastropods  are  the 
snails  which  live  in  both  salt  and  fresh  water  and  in  most  habitable 
spots  on  land  (Figs.  \S6, a,c,d,j,h>j,k>m,p). 

Due  to  the  coiling  of  the  shell,  the  viscera  of  the  snails  is  asym- 
metrical, notwithstanding  the  fact  that  the  protruding  foot  is  bilaterally 
symmetrical.  Anteriorly  the  head  region  is  well  supplied  with  sense 
organs,  including  tentacles.  Eyes  are  usually  present,  but  vary  in  their 
exact  position. 

The  mouth  is  provided  with  the  rasping  radula;  the  long  looped 
digestive  tract  opens  on  the  foot  through  the  anus  not  far  from  the 
mouth.  A  heart  is  present  and  enclosed  in  the  pericardial  sac ;  the 
nervous  system  has  concentrations  of  nervous  tissue  in  the  head  re- 
gion. There  is  usually  only  one  kidney.  In  general,  marine  forms 
and  some  fresh-water  species  respire  by  means  of  gills;  most  ter- 
restrial forms  as  well  as  some  of  the  fresh-water  and  marine  forms 
have  the  mantle  cavity  modified  to  serve  as  a  "lung"  for  respiration. 
These  latter  are  known  as  puhnonate  snails. 

Some  snails  are  monoecious,  others  are  dioecious.  In  the  mon- 
oecious as  well  as  dioecious  forms,  cross-fertilization  is  the  rule.  In 
most  fertilization  is  internal,  but  in  others  the  sperms  and  eggs  are 
simply  discharged  into  the  water.  Many  of  the  snails  lay  astonishing 
numbers  of  eggs.  At  times,  there  are  complex  mating  behavior  pat- 
terns which  precede  the  actual  copulation.  In  most  terrestrial  and  fresh- 
water forms,  development  is  direct,  but  in  many  marine  forms,  develop- 
ment is  through  a  veliger  larval  stage. 

Most  of  the  snails  glide  or  crawl  along  the  substrate  on  the  broad 
foot.  Often  the  anterior  part  of  the  foot  is  placed  forward,  and  the 
remaining  portion  pulled  after  it  in  a  looping  motion.  Some  others  have 
a  groove  down  the  foot  and  advance  by  having  first  one  side  than  the 
other  take  hold.  The  firm  hold  of  the  snail  to  the  substrate  is  due  both 
to  tiny  depressions  along  the  foot  and  to  slime  secreted  by  special 
glands.  Some  marine  forms,  the  pteropods,  have  the  edges  of  the  foot 
prolonged  into  winglike  structures ;  these  forms  are  able  to  float  on  the 
surface  of  the  water. 

Except  for  a  few  carnivorous  forms,  most  snails  are  herbivorous. 
They  rasp  ofT  their  food  by  means  of  the  radula.  This  is  a  flattened 
ribbonlike  structure  bearing  rows  of  teeth.     It   is  attached  at  either 
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end  by  special  muscles  and  is  pulled  back  and  forth  over  a  protruding 
piece  of  cartilage. 

The  gastropods  are  an  exceptionally  varied  and  abundant  group 
of  animals.  The  terrestrial  forms  vary  in  size  from  very  small  to 
the  large  tropical  arboreal  forms.  Some  are  able  to  withstand  dry  con- 
ditions by  their  ability  to  secrete  a  mucous  plug  over  the  shell  en- 
trance. The  fresh-water  and  marine  snails  are  equally  varied  and  abun- 
dant. The  limpets,  with  their  caplike  shells,  live  among  the  rocks  of  the 
sea  coast.  The  terrestrial  slugs  have  the  shell  reduced  to  a  mere  in- 
ternal rudiment ;  the  nudibranchs,  sometimes  called  sea  slugs,  like- 
wise have  a  much-reduced  shell. 

Economically  the  gastropods  are  an  extremely  important  group. 
This  is  in  part  due  to  the  destruction  of  vegetation  by  many  of  the  ter- 
restrial forms.  They  are  very  fond  of  succulent  vegetables.  The  oyster 
drill  feeds  on  oyster  beds,  and  at  times  inflicts  great  damage.  Many 
snails,  as  pointed  out  in  previous  chapters,  are  important  as  intermedi- 
ate hosts  for  various  trematode  parasites. 

On  the  other  hand,  many  of  the  snails  are  important  as  food  for 
fish,  shore  birds,  and  whales.  Some  of  the  marine  forms  such  as 
abalone  of  our  west  coast  are  popular  as  food,  while  the  European 
Helix  is  highly  prized  as  a  food  delicacy. 

THE  CLASS  PELECYPODA 

The  members  of  this  class  are  somewhat  more  uniform  in  appear- 
ance and  anatomy  than  are  those  of  the  other  classes  of  the  Mollusca. 
Commonly  they  are  known  as  the  bivalves,  from  the  hinged  double  shell 
which  is  secreted  by  the  folded  mantle.  They  lack  cephalization  and 
most  of  them  move  slowly  through  the  bottom  material  by  means  of 
the  hatchet-shaped  foot.  Only  a  few  such  as  the  common  scallop 
swim  rapidly  by  clapping  the  two  valves  together.  In  general, 
the  bivalves  have  but  few  sense  organs  which  are  poorly  developed  al- 
though the  scallop  again  proves  the  exception  by  having  a  row  of  small 
eyes  and  tactile  organs  along  the  edge  of  the  mantle.  The  scallop  is 
probably  the  most  active  member  of  this  class ;  more  common  is  the 
slow-moving  fresh-water  clam  or  the  completely  sessile  oyster. 

In  size,  the  bivalves  vary  from  tiny  species  of  2  to  3  mm.  in  diam- 
eter to  the  giant  Tridacna  of  the  tropical  Pacific  which  may  attain  6 
feet  in  length  and  weigh  500  pounds. 


472         The  Animal  Kingdom 

Fortunately  the  anatomy  of  the  majority  of  these  forms  is  so 
similar  that  a  fresh-water  clam  of  the  genus  Anodonta  can  be  used  as 
an  example. 

The  Anatomy  of  Anodonta  sp. — Dorsally  the  shells  or  valves 
are  connected  by  the  liingc  teeth  and  an  elastic  hinge  ligament.  The 
hinge  teeth  not  only  hold  the  valves  together,  but  also  aid  in  their 
opening  and  closing.  Some  species  of  clam  also  have  other  teeth  at 
the  anterodorsal  portion  of  the  shell  which  act  in  coordination  with  the 
hinge  teeth.  These  are  known  as  the  pseudocardinal  teeth.  On  the 
outer  surface  of  the  shell,  lines  of  growth  niay  be  seen  with  the  heavier 
lines  representing  the  annual  growth  rings.  The  oldest  part  of  the  valve 
is  the  swollen  anterior  dorsal  portion  known  as  the  umbo.     In  section. 
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Fig.  152. — The  fresh-water  clam,  Anodonta.     A,  Left  valve  of  shell;  B,  cross 

section   of   shell   and   mantle. 


the  shell  is  seen  to  be  made  up  of  three  distinct  layers,  an  outer  perios- 
tracum  which  is  thin  and  darkly  colored,  the  middle  prismatic  layer 
which  is  thickest  and  is  formed  chiefly  of  calcium  carbonate,  and  the 
inner  layer,  the  nacre  or  mother-of-pearl,  which  is  usually  iridescent. 
The  outer  periostracum  is  insoluble  in  the  carbonic  acid  which  is  so 
often  present  in  fresh  water  and  thus  offers  protection  to  the  inner 
layers. 

Fastened  to  the  dorsal  inner  portion  of  the  shell  are  the  large 
muscles  which  open  and  close  the  valves.  These  may  be  seen  as  scars 
when  the  shell  is  opened.  There  are  two  large  muscles,  the  anterior 
and  posterior  adductors,  which  draw  the  valves  together.  Other  mus- 
cles are  the  anterior  and  posterior  retractors  which  withdraw  the  foot, 
and  the  anterior  protractor  which  extends  the  foot. 

Within  the  valves  are  located  the  various  portions  of  the  clam's 
body.     There  is  a  dorsal  median  visceral  mass  which  contains  most  of 
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the  organs.  In  the  anterior  ventral  region  is  a  large  muscular  joot 
which  is  capable  of  being  thrust  out  between  the  valves  and  is  used  in 
locomotion.  On  either  side  of  these  two  structures  are  a  pair  of  gills, 
the  respiratory  apparatus  of  the  clam.  Outside  of  these  gills  is  the 
mantle,  a  sheetlike  structure  which  secretes  the  shell.  The  mantle  is 
attached  to  the  shell  but  has  free  margins  which  are  capable  of  being 
drawn  together  to  produce  the  mantle  cavity.  The  posterior  margin  of 
the  mantle  forms  two  openings  or  siphons:  the  ventral  siphon  which 
acts  as  the  incurrent  passageway  permitting  the  water  with  its  con- 
tained food  and  oxygen  to  pass  in ;  and  the  dorsal  siphon,  the  excurrent 
passageway,  which  permits  the  escape  of  water. 
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Fig.  153. — Anatomy  of  the  fresh-water  clam,  Anodonta. 


The  digestive  tract  begins  at  the  anterior  portion  in  the  mouth 
which  is  located  between  the  two  labial  palps.  There  is  no  radula. 
Posterior  to  the  mouth  is  a  short  esophagus  and  a  rounded  stomach, 
located  in  the  visceral  mass.  From  the  stomach,  the  long  coiled  in- 
testine passes  posteriorly.  Its  main  coil  is  just  dorsal  to  the  foot. 
Posteriorly  it  becomes  the  rectum  which  is  surrounded  by  the  heart. 
The  anus  opening  is  in  the  region  of  the  dorsal  siphon.  Surrounding 
the  stomach  is  a  large  digestive  gland,  and  within  the  intestine  is  the 
crystalline  style  which  produces  digestive  enzymes.  In  the  rectum 
there  is  a  typhlosole. 

The  heart  consists  of  two  auricles  and  a  ventricle  within  the  peri- 
cardial cavity.  Leading  from  the  ventricle  is  an  anterior  aorta  which 
carries  blood  to  the  foot  and  visceral  mass,  and  a  posterior  aorta  which 
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supplies  the  rectum  and  mantle.  Blood  is  pumped  both  backward  and 
forward.  Some  of  the  blood  is  oxygenated  in  the  mantle  and  returned 
directly  to  the  auricles.  In  the  organs  the  blood  is  circulated  through 
veins  and  sinuses.  From  the  organs  other  than  the  mantle,  the  blood 
passes  through  the  kidney  into  the  gills  where  it  is  oxygenated  and  then 
returns  to  the  auricle.  The  blood  is  colorless  and  contains  leucocytes. 
Respiratory  exchange  takes  place  in  the  gills,  each  of  which  consists  of 
two  very  thin  sheets  or  lamellae.  Above  the  gills  is  a  special  chamber, 
the  suprabranchial  chamber.  Water  coming  in  through  the  ventral 
siphon  passes  into  the  gill  lamellae  which  are  divided  by  partitions  into 
many  vertical  water  tubes.  The  water  is  finally  collected  in  the  supra- 
branchial  chamber  and  passed  out  through  the  dorsal  siphon.  Small  food 
particles  are  also  carried  in  by  the  incoming  currents. 


Fig.    154. — Diagram   of  circulation   in   the   clam;    arrows   indicate 

direction  of  flow. 


Two  kidneys  are  located  just  below  the  heart.  Each  is  a  tube 
which  removes  wastes  from  the  blood  by  a  glandular  structure  and 
from  the  pericardial  cavity  by  a  ciliated  opening.  The  wastes  are  dis- 
charged through  an  opening  into  the  suprabranchial  chamber. 

The  nervous  system  is  composed  of  three  pairs  of  ganglia  con- 
nected by  commissures.  One  ganglion,  the  cerebral,  is  located  near  the 
esophagus ;  another,  the  pedal,  is  in  the  foot ;  and  a  third,  the  visceral, 
is  near  the  posterior  adductor  muscle.  Several  sense  organs  are  as- 
sociated with  this  nervous  system.  There  are  light  sensitive  regions 
in  the  margins  of  the  siphon,  a  pair  of  statocysts  in  the  foot,  chemical 
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receptors  in  the  region  of  the  incurrent  siphon,  and  tactile  areas  on  the 
edge  of  the  mantle. 

The  sexes  are  separate  in  Anodonta  but  are  indistinguishable  ex- 
ternally ;  the  gonads  are  located  around  the  intestinal  coils  and  are  much- 
branched.  The  tgg  or  sperm  passes  through  a  short  duct  opening  into 
the  mantle  cavity  in  the  region  of  the  kidney. 

Life  History  of  Anodonta. — The  sperm  are  discharged  into  the 
water  and  are  brought  into  the  female's  mantle  cavity  with  the  incur- 
rent water.  The  eggs  are  fertilized  in  the  water  tubes  of  the  gills. 
They  then  pass  into  the  cavities  of  the  outer  gills  which  enlarge 
into  brood  chambers.  Each  Cigg  develops  into  a  small  larva  known 
as  the  glochidium,  which  has  two  valves  bearing  ventral  hooks.  The 
valves  are  closed  by  an  adductor  muscle  and  possess  a  single  long  byssus 
thread.  After  a  period  of  development,  the  larvae  are  released  with 
the  water  from  the  dorsal  siphon,  usually  in  response  to  the  proximity  of 
a  suitable  fish.  The  larvae  then  attach  to  the  tish ;  in  some  species,  they 
attach  to  the  fish's  body ;  while  in  species  such  as  those  of  Anodonta,  they 
attach  to  the  gills.     The  larvae  become  surrounded   by  cysts  of  host 


Fig.  155. — Life  cycle  of  the  fresh-water  clam.  a,  Clam  expelling  glochidia 
when  approached  by  fish;  b,  glochidia;  c,  fish  with  glochidia  attached  to  fins  and 
gills;  d,  young  clams  falling  off;  e,  young  clams. 
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epithelium  and  live  as  parasites.  For  several  weeks,  they  remain  as 
parasites.  Finally  the  cysts  rupture,  and  the  young  drop  off  and  de- 
velop into  free-living  adults. 

This  knowledge  of  the  life  history  of  the  fresh-water  clams  has 
been  used  to  increase  their  numbers  and  to  prevent  extinction  of  these 
forms  in  some  of  our  inland  waters. 

Among  marine  forms,  the  life  history  differs  from  this.  Many 
species  possess  a  typical  ciliated  veliger  larva;  others  have  direct  de- 
velopment. Sessile  forms  such  as  the  oyster  have  a  free-swimming 
stage. 


Fig.  156. — Some  representatives  of  the  phylum  MoUusca.  a,  Busycon,  the  whelk, 
with  eggs;  b,  Pecten,  the  scallop;  c,  Clione,  a  pteropod;  d,  Dendronotus,  a  nudibranch; 
e,  Tridacna,  the  giant  clam;  /,  Fissurella,  a  limpet;  g,  Mytilus,  the  sea  mussel  with 
byssus;  h,  Buccinum,  a  whelk;  i,  Ischnochiton,  a  chiton;  j,  Cypraea,  a  cowrie;  k, 
Littorina,  the  periwinkle;  I,  Teredo,  the  shipworm;  m,  Pteroccra,  the  finger  shell; 
n,  Dentalium,  the  tooth  shell;  o.  Verms,  the  quahog;  p,  Bittium. 


Economic  Importance. — Since  ancient  times  man  has  relied  upon 
the  bivalves  as  a  source  of  food.  Along  the  coastal  areas  tremendous 
shell  mounds  attest  to  their  popularity  among  the  early  Indians.  At 
the  present  time,  oysters,  clams,  mussels,  and  scallops  are  of  great 
commercial  value,  perhaps  being  worth  more  than  $1,000,000  an- 
nually. So  valuable  are  these  natural  resources  that  the  fish  and  wild- 
life service  devotes  much  time  to  the  study  of  the  breeding  habits  and 
the  propagation  of  the  various  species.  Oysters,  particularly,  are  cul- 
tivated by  supplying  young  oysters  in  suitable  places  and  providing 
proper  substrate  for  them  to  settle  upon. 

If  an  irritating  grain  of  sand  or  other  material  is  introduced  be- 
tween the  mantle  and  the  shell,  the  mantle  may  secrete  nacre  about  the 
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grain  and  thus  form  a  pearl.  This  may  occur  in  fresh-water  clams, 
but  is  much  commoner  among  oysters.  In  Japan,  pearls  are  cultivated 
by  the  careful  insertion  of  materials;  after  a  period  of  time,  the  pearls 
are  harvested. 

At  one  time,  the  clams  of  the  Mississippi  drainage  were  the  richest 
and  most  varied  in  number  of  any  place  in  this  hemisphere.  The  alka- 
line waters  probably  account  for  this  variety  of  forms.  Due  to  over- 
fishing, the  clams  were  at  one  time  in  danger  of  depletion,  but  careful 
study  and  control  have  done  much  to  bring  back  the  supply.  They  are 
important  as  a  source  of  pearl  buttons. 

A  less  desirable  member  of  this  class  is  the  Teredo  or  shipworm. 
This  tiny  bivalve  burrows  into  wooden  structures  and  causes  great 
damage.  In  coastal  areas,  these  shipworms  cause  great  property  loss 
to  pilings  and  wharves. 

THE  CLASS  CEPHALOPODA 

There  is  a  tendency  among  the  molluscan  groups  toward  a  reduc- 
tion of  the  amount  of  the  protective  shell.  This  reduction  is  carried  to 
an  extreme  in  this  class  where  the  squids  and  octopuses  have  merely 
a  supporting  internal  structure.  Instead  of  relying  upon  the  sure  pro- 
tection of  the  shell,  these  cephalopods  rely  upon  speed,  a  well-developed 
nervous  system,  good  sense  organs,  and  general  alertness  for  their  sur- 
vival. 

All  of  the  cephalopods  are  strictly  marine  forms  and  are  of  several 
diverse  types:  the  squids,  the  octopuses,  the  chambered  nautilus,  and 
the  argonaut.  The  name  cephalopoda  or  head-footed  refers  to  the  fact 
that  the  head  and  foot  are  closely  associated,  with  the  foot  surrounding 
the  well-developed  head  and  then  being  divided  into  arms.  The  arms 
are  united  by  a  web  at  their  bases  and  in  most  forms  bear  suckers. 
The  main  portion  of  the  body  may  be  bulbous  as  in  the  octopus,  or 
elongated  as  in  the  squid,  and  is  surrounded  by  the  mantle.  Except 
for  the  chambered  nautilus  they  all  have  ink  glands  which  produce  a 
dark  fluid.  Only  the  nautilus  has  a  shell  into  which  the  body  may  be 
withdrawn ;  the  female  argonaut  has  an  external  shell  but  it  is  secreted 
by  the  arms  rather  than  by  the  mantle. 

Loligo,  a  Squid. — The  members  of  the  genus  Loligo  are  small 
squids  about  10  inches  long  which  are  found  along  both  of  our  coasts, 
often  in  very  large  numbers.  They  are  eaten  by  fish,  used  for  bait  by 
fishermen,  and  often  are  popular  with  sea  food  advocates. 
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Externally  the  elongated  body  is  composed  of  an  anterior  head 
and  a  slender  trunk.  The  general  orientation  of  the  body  parts  is  like 
that  of  the  other  molluscs.  The  body  is  elongated  dorsoventrally  and 
compressed  anteroposteriorly.  Thus  the  tentacles  are  ventral  and  cor- 
respond in  position  to  the  foot  of  the  pelecypods.  The  head  has  a  cen- 
tral mouth  surrounded  by  ten  sucker-bearing  arms.  One  pair  of  these 
arms  is  longer  than  the  others  and  is  retractile.  These  function  as 
tentacles.  The  head  also  has  two  large  well-developed  eyes  complete 
with  retina,  lens,  and  cornea. 
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Fig.  157. — Anatomy  of  the  squid,  Loligo;  a  portion  of  the  body  wall  is  removed. 


Surrounding  the  internal  organs  is  the  mantle.  At  its  free  end 
it  forms  the  collar.  Below  this  neck  region  is  a  funnel,  the  siphon. 
At  the  dorsal  end  of  the  mantle  are  triangular  fins. 


Phylum  Molliisca  and  Minor  Eucoelomate  Phyla         479 

The  "skin"  of  the  squid — as  well  as  that  of  the  other  cephalopods — 
has  many  cells  containing  pigment  (chrotnatophores)  some  of  which  are 
brown,  others  reddish  yellow.  When  the  animal  becomes  alarmed  it 
changes  its  color  rapidly  by  pulling  these  chromatophores  into  flat  plates 
with  tiny  muscles  that  are  attached  to  their  edges. 

The  body  wall  is  strengthened  by  an  internal  chitinous  pen  which 
is  secreted  by  the  mantle.  This  corresponds  to  the  shell  of  other  mol- 
luscs.   Within  the  mantle  cavity  are  the  internal  organs. 

The  squids  are  carnivorous,  predaceous  forms  which  live  on  worms, 
fish,  and  other  animals.  They  have  a  pair  of  horny  jaws  at  the  anterior 
portion  of  the  pharynx  for  crushing  their  prey.  The  gills  lie  free  at  the 
posterior  portion  of  the  mantle  cavity.  The  water  enters  the  mantle 
cavity  along  the  sides  of  the  neck.  When  the  mantle  is  contracted, 
valves  close  off  the  point  where  the  water  entered,  and  the  water  is 
forceably  ejected  through  the  siphon.  Another  valve  prevents  water  from 
entering  the  siphon ;  thus  there  is  a  constant  flow  of  water  over  the 
gills,  with  the  water  entering  along  the  sides  of  the  mantle  cavity  and 
leaving  through  the  siphon. 

While  the  squid  most  often  swims  forward  through  the  water  by 
means  of  its  fins,  it  can  also  move  very  rapidly  by  means  of  a  modified 
"jet  propulsion."  For  this  latter  type  of  movement,  water  is  forceably 
ejected  from  the  mantle  cavity  out  through  the  siphon.  By  pointing  the 
siphon  in  the  direction  opposite  to  which  it  wants  to  go,  the  squid  can 
dart  either  forward  or  backward  with  great  rapidity. 

Anterior  to  the  rectum  is  the  ink  sac  which  contains  the  dark  fluid 
produced  by  the  ink  gland.  When  the  animal  is  disturbed,  this  ink  is 
discharged  in  a  cloud  through  the  siphon.  The  squid  can  back  away 
under  cover  of  this  "smoke  screen"  and  thus  escape  its  enemies.  It  has 
also  been  shown  that  this  ink  (at  least  from  the  octopus)  has  a  slight 
paralyzing  effect  on  the  olfactory  senses  of  would-be  predators. 

The  circulatory  system  is  well  developed  with  a  systemic  heart, 
blood  vessels,  and  sinuses.  There  are  branchial  hearts  which  pump 
blood  through  the  gills.  Paired  kidneys  are  connected  with  the  peri- 
cardial cavity  and  drain  into  the  mantle  cavity. 

The  nervous  system  of  the  cephalopods  represents  the  highest  de- 
velopment of  this  system  among  all  the  invertebrates.  There  is  a  con- 
centration of  nerve  ganglia  in  the  head  region  to  form  a  simple  brain 
protected  by  a  "brain  box."  From  this,  nerves  pass  to  all  parts  of  the 
body.  The  speed  of  conduction  is  very  rapid  and  as  is  true  in  all  nerve 
fibers  is  directly  correlated  with  the  diameter  of  the  individual  fiber.    Ex- 
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cellent  coordination  of  movements  is  assured  by  variation  in  nerve  fiber 
diameter :  giant  fibers  pass  to  the  more  remote  parts  of  the  body, 
slender  ones  pass  to  portions  nearer  the  "brain."  The  eyes  form  a 
real  image  which,  however,  is  not  inverted  as  in  the  vertebrate  eye. 
Statocysts  for  equilibrium  are  located  below  the  "brain." 

The  sexes  are  separate  among  the  squids,  and  mating  is  often 
preceded  by  some  courtship  activity  in  which  spernmfophores  (a  bundle 
containing  many  sperm)  are  transferred  by  the  male  into  the  mantle 
cavity  of  the  female.  These  are  transferred  from  the  vas  deferens  by 
means  of  one  of  the  arms  of  the  male  which  is  modified  for  just  that  pur- 
pose. The  eggs  are  deposited  on  the  bottom  within  a  few  hours  after 
mating.  The  eggs  are  surrounded  by  a  gelatinous  mass  which  swells 
up.  This  gelatine  is  apparently  inedible  for  most  animals  and  also 
immune  to  fungus  growths ;  thus  the  developing  squids  get  considerable 
protection.  They  hatch  within  thirty  days  of  being  laid  and  there  are 
no  intervening  larval  stages. 

Other  Squids. — The  squids  are  tremendously  abundant  animals 
throughout  all  the  ocean  waters,  ranging  from  the  shallows  to  the  abyss.' 
In  size,  they  range  from  a  tiny  iy2  inches  to  giant  ones  which  have 
an  over-all  length  of  55  feet.  One  squid  found  ofif  Newfoundland  was 
of  this  latter  size  and  had  a  body  20  feet  long  and  3^  feet  in  diameter, 
or  12  feet  in  circumference.  It  would  have  weighed  nearly  30  tons! 
Certainly  these  are  the  mightiest  of  the  invertebrates.  The  extreme  sizes 
which  these  giant  squids  can  attain  are  not  known,  and  this  particular 
specimen  may  have  been  only  a  medium-sized  one.  Some  of  the  deep-sea 
squids  have  their  bodies  covered  with  tiny  luminescent  organs.  The 
abundance  of  these  latter  forms  may  be  greatly  underestimated  inasmuch 
as  they  move  too  rapidly  to  be  caught  in  the  slowly  moving  deep-sea 
trawls. 

Other  Gephalopods. — The  octopuses  have  long  excited  the  imag- 
ination of  sailors  and  land  dwellers.  Many  tales  of  their  powers  have 
been  spun.  Actually  most  species  are  small  in  size  and  quite  harmless. 
Most  of  them  spend  their  time  quietly  among  rocks  with  their  strange 
globose  bodies  surrounded  by  the  eight  sprawling  arms.  Although  it 
seems  certain  that  the  octopus,  like  the  squid,  can  attain  a  large  size, 
there  are  few  or  no  records  to  verify  this.  Some  weighing  110  pounds, 
which  would  have  a  radius  (including  the  arms)  of  10  feet,  have  been 
observed.  The  octopuses  have  great  powers  of  regeneration  and  may 
grow  new  arms  after  they  have  been  lost.     The  eggs  are  deposited 
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usually  on  rocks,  and  the  female  remains  with  them  during  the  develop- 
mental period.  She  carefully  aerates  and  cleans  them  during  the  in- 
cubation period.  Thus  their  survival  is  well  assured.  She  does  not 
take  any  food  during  this  time  which  may  last  as  long  as  six  weeks. 


Fig.  158. — Some  members  of  the  class  Cephalopoda,  a,  Argonauta,  the  cham- 
bered nautilus;  b,  Loligo,  the  squid;  c,  Octopus,  the  octopus;  d,  Sepia,  the  cuttlefish; 
e,  male  argonaut;  /,  Architeuthis,  the  giant  squid;  g,  Nautilus,  the  pearly  nautilus. 


The  argonaut  is  a  peculiar  member  of  the  octopus  group.  The 
female  has  a  shell  composed  of  a  spiral  structure  and  secreted  by  a 
pair  of  the  arms  rather  than  by  the  mantle.  The  chief  function  of  the 
shell  is  to  carry  the  eggs.  The  male  has  no  shell,  and  during  mating  a 
portion  of  one  arm  with  the  attached  spermatophore  is  actually  detached 
and  left  in  the  mantle  cavity  of  the  female. 

The  churnhered  nautilus  is  the  only  one  of  this  group  to  have  a 
true  shell  into  which  the  body  can  be  withdrawn.  The  shell  is  divided 
into  chambers  by  septa,  and  the  animal  occupies  only  the  outermost 
one.  This  animal  dwells  along  tropical  coasts  in  moderate  depths  of 
water.     The  nautilus  is  the  sole  survivor  of  a  once  abundant  group  of 
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shelled  cephalopods  that  dwelled  throughout  the  oceans  during  the  Silu- 
rian to  Cretaceous  periods.  The  shells  of  these  fossil  forms  are  abund- 
ant in  marine  deposits. 

SOME  MINOR  EUCOELOMATE  PHYLA 

The  phyla  Bryozoa,  Brachiopoda,  and  Phoronida  all  possess  a 
lophophore,  a  trochophore  larva,  and  a  true  coelom.  It  is  possible  that 
these  phyla  arose  from  a  common  ancestor  along  with  the  annelids, 
molluscs,  and  arthropods. 

The  Phylum  Bryozoa. — These  animals  (Fig.  159,C)  usually  live 
in  colonies  which  are  matlike  in  appearance ;  hence  the  name  bryosoan 
meaning  moss  animals.  They  grow  on  pilings,  rocks,  shells,  and  even 
on  other  animals.  The  majority  are  marine,  though  a  few  fresh- water 
forms  are  known  and  may  be  locally  abundant. 


TENTACLE 
LOPHOPHOBE 
GANGLION 
ANUS 


FUNICULUS 
TESTIS 


Fig.  159. — Some  minor  eucoelomates.  A,  Phoronis,  a  phoronid;  B,  a  statoblast 
of  the  fresh-water  bryozoan,  Pectinatella;  C,  Bugula,  a  bryozoan;  D,  Lingula,  a 
brachiopod. 


The  individual,  known  as  a  sooid,  possesses  a  horseshoe-shaped 
lophophore  which  bears  a  row  of  slender  ciliated  tentacles.  There  is  a 
well-developed  coelom  and  a  complete  digestive  tract  with  the  mouth 
inside  the  lophophore  and  the  anus  opening  outside.  Excretory  organs 
and  a  vascular  system  are  absent.    Most  species  are  hermaphroditic. 

The  anatomy  of  this  group  may  be  illustrated  by  the  marine  colonial 
form,  Bugula,  which  forms  mats  of  dark-colored  tufts  attached  to  various 
objects.    These  tufts  are  some  2  to  3  inches  long  and  consist  of  many 
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individuals,  each  of  which  is  less  than  a  millimeter  in  length.  Each 
zooid  consists  of  a  chitinized  tube,  the  cooecium  enclosing  the  polypide 
or  internal  parts.  The  anterior  end  consists  of  a  horseshoe-shaped  ridge, 
the  lophophore,  which  bears  a  row  of  ciliated  tentacles  which  in  turn 
surround  the  mouth.  The  lophophore  is  attached  to  an  opening  in  the 
zooecium  by  a  chitinized  collar.  The  whole  lophophore  area  may  be 
withdrawn  within  the  zooecium  by  powerful  retractor  muscles.  On  the 
outside  of  the  zooecium  of  many  individuals  is  a  structure  shaped  like 
a  bird's  head  and  known  as  the  avicularium.  It  has  two  powerful  jaws 
which  are  able  to  open  and  shut  and  keep  the  outside  free  of  encrusting 
forms  which  might  settle  on  the  surface.  The  mouth  opens  into  the 
pharynx  which  in  turn  opens  into  the  esophagus  and  then  a  U-shaped 
stomach,  and  finally  a  slender  intestine  leading  to  the  anus.  The  whole 
tract  is  lined  with  cilia.  There  is  a  large  retractor  muscle,  the  funiculus, 
which  acts  to  pull  the  stomach  away  from  the  mouth.  There  is  a  large 
nerve  ganglion  below  the  lophophore  which  sends  out  nerve  fibers  to  the 
various  parts  of  the  body.  There  is  no  circulatory,  excretory,  or  special 
respiratory  system.  Since  Bugula  is  monoecious  both  ovaries  and  testes 
develop  in  the  same  individual.  These  develop  from  the  lining  of  the 
coelom.  The  area  in  which  the  eggs  of  the  ovary  develop  forms  a 
brood  pouch,  the  ooecium.  All  these  structures  are  enclosed  within  the 
body  cavity  which  has  a  true  peritoneal  lining. 

The  fertilized  egg  develops  into  a  trochophore  larva.  This  swims 
about  for  a  while  and  then  settles  down  and  asexually  produces  a  new 
colony. 

Most  of  the  bryozoans  feed  on  floating  microscopic  organisms  which 
are  carried  to  the  mouth  by  currents  set  up  by  the  tentacles.  The  small 
particles  are  entangled  in  mucus  and  then  swallowed.  The  powers  of 
regeneration  of  the  members  of  this  group  are  startling.  At  times  all 
the  parts  within  the  zooecium  degenerate  to  form  a  broivn  mass.  A 
new  body  forms,  and  the  brown  mass  lies  on  the  stomach  of  the  new 
individual.     Later  it  is  expelled  through  the  anus. 

The  fresh-water  bryozoans  have  some  interesting  structures  asso- 
ciated with  the  viscissitudes  of  their  environment.  To  survive  un- 
favorable winter  conditions,  they  develop  asexual  buds  known  as  stato- 
blasts  (Fig.  159,5).  The  cells  are  formed  on  the  funiculus  and  are 
surrounded  by  a  chitinized  shell.  They  are  released  when  the  old  colony 
dies.  The  outer  layer  of  these  statoblasts  is  porous  and  collects  air 
which  enables  them  to  float  for  a  period  of  time. 
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The  moss  animals  represent  the  only  surviving  members  of  a  very 
ancient  group  dating  from  Cambrian  times. 

The  Phylum  Brachiopoda. — The  members  of  this  phylum,  like 
those  of  the  Bryozoa,  have  an  ancient  lineage  which  traces  back  to 
Cambrian  times.  Lingula  (Fig.  159,D),  a  common  genus,  is  the  oldest 
of  all  living  genera  of  animals.  All  are  marine  forms  with  most  living 
in  shallow  waters. 

They  are  characterized  by  their  having  a  bivalve  shell  which,  how- 
ever, opens  differently  from  that  of  the  bivalve  molluscs.  One  valve 
represents  the  ventral  half  of  the  animal,  the  other  the  dorsal.  They 
are  hinged  at  the  posterior  end.  Most  species  have  a  short  stalk  by 
which  they  attach  themselves  to  a  substrate.  They  are  commonly  called 
the  "lamp  shell"  due  to  their  resemblance  to  old  Roman  lamps. 

Inside  the  shell  which  is  secreted  by  a  mantle  there  is  a  coiled 
lophophore,  a  well-developed  coelom,  a  small  heart  with  a  few  blood 
vessels,  two  nietanephridia  for  excretion,  a  nerve  ring,  and  either  a  com- 
plete or  incomplete  digestive  tract. 

The  brachiopods  feed  on  smaller  organisms  which  are  brought 
into  the  shell  by  currents  set  up  by  the  cilia  on  the  tentacles.  Mucus 
entangles  the  material  which  is  then  swallowed. 

Sexes  may  or  may  not  be  separate,  but  in  most,  the  developing 
embryos  remain  within  brood  pouches  for  a  time.  After  escaping,  chey 
swim  about  for  a  brief  period  of  time  before  changing  into  the  adult  ani- 
mal. The  larvae  have  eyespots  which  disappear  when  they  become 
adults. 

The  relationships  of  the  brachiopods  are  very  difficult  to  interpret. 
Their  trochophore  larva  relates  them  to  the  annelids  and  molluscs ;  how- 
ever, in  some  species,  the  coelomic  pouches  arise  as  outpocketings  from 
the  archenteron.  This  perhaps  relates  them  to  the  echinoderm-chordate 
stock.  Some  species,  however,  do  develop  the  coelom  as  a  schizocoel. 
Further  relationships  to  the  annelid-molluscan  stock  are  indicated  by 
the  fact  that  the  mouth  arises  from  the  region  of  the  blastopore. 

The  Phylum  Phoronida- — The  members  of  this  phylum  (Fig. 
159,^)  are  small,  wormlike  forms  which  live  in  tubes  in  the  shallow 
waters  of  the  ocean.  The  individual  is  housed  in  a  membranous  tube 
which  is  in  contact  with  the  tubes  of  numerous  other  individuals.  Thus 
they  often  form  dense  colonies. 


Phylum  Mollusca  and  Minor  Eucoelomate  Phyla        485 

The  tentacles  are  arranged  on  a  horseshoe-shaped  lophophore  v/ith 
the  mouth  opening  within  the  lophophore,  and  the  anus  just  outside. 
The  coelom  is  divided  into  compartments  and  there  are  two  nephridia 
which  open  near  the  anus.  There  is  a  nerve  ring  at  the  anterior  end.  A 
series  of  complicated  blood  vessels  carry  the  blood  with  the  hemoglobin- 
containing  corpuscles  to  all  parts  of  the  body. 

Feeding  is  made  possible,  as  in  the  Bryozoa  and  Brachiopoda,  by 
the  cilia  on  the  tentacles.  Currents  of  water  with  minute  particles  of 
food  are  drawn  in.    The  food  is  trapped  by  mucus. 

The  phoronids  are  monoecious  animals.  The  eggs  and  sperm  pass 
through  the  nephridia  to  the  outside.  A  trochophore-like  larva  develops 
which,  after  a  period  of  swimming,  metamorphoses  into  the  typical  adult. 


CHAPTER  26 

THE  PHYLUM  ARTHROPODA 


No  phylum  of  living  animals  shows  such  diversity  of  form  and 
number  of  individuals  as  does  the  Arthropoda.  Close  to  a  million 
different  species  are  at  present  recognized,  and  many  more  are  un- 
doubtedly remaining  to  be  discovered. 

Many  of  the  characteristics  which  contribute  to  the  success  of  the 
arthropods  as  a  group  were  first  seen  among  the  annelids :  the  seg- 
mented body,  the  paired  appendages,  and  the  anterior  sense  organs. 
Among  the  arthropods,  these  basic  characters  have  been  developed  to 
a  higher  degree,  and,  in  addition,  new  features  have  been  added.  These 
new  features  are  the  development  of  a  heavily  chitinized  exoskeleton 
which  protects  the  animal  and  gives  surfaces  for  muscle  attachment  and 
the  jointed  appendages  which  allow  great  freedom  of  movement.  The 
inflexible  outer  armor  is  arranged  in  plates  corresponding  to  the  seg- 
ments, and  thus  flexibility  is  achieved  with  maximum  protection.  The 
modern  arthropod  can  best  be  compared  to  the  medieval  knight  encased 
in  his  heavy  hinged  armor. 

In  their  evolution,  the  arthropods  have  radiated  into  types  that 
are  able  to  live  in  all  conceivable  habitats.  Except  for  the  snails,  the 
arthropods  are  the  only  invertebrates  that  have  succeeded  as  completely 
terrestrial  animals.  Their  exoskeletons,  respiratory  devices,  and  habits 
are  all  important  in  this  conquest.  Many  of  the  arthropods  are  so 
specialized  in  their  habitat  requirements  that  they  may  be  found  only 
in  very  limited  areas,  while  others  are  highly  adaptable  forms. 

The  members  of  this  group  can  be  counted  among  the  most  noto- 
rious and  familiar  of  the  invertebrate  phyla.  Some  may  be  considered 
as  man's  greatest  enemies  inasmuch  as  they  compete  with  him  for  both 
food  and  shelter;  others  may  be  considered  the  most  useful  of  his  allies. 
The  insects,  spiders,  crayfish,  crabs,  mites,  millipedes,  centipedes,  and 
a  host  of  less  familiar  forms  are  all  arthropods. 

486 
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Characteristics  of  the  Phylum. — While  the  arthropods  as  a  group 
posses  certain  unique  features,  most  of  their  fundamental  characteristics 
have  been  seen  in  other  phyla.  They  are  bilaterally  symmetrical,  possess 
three  germ  layers,  are  at  the  organ  grade  of  construction,  and  have  a 
well-developed  head  region  with  sense  organs.  In  common  with  the 
molluscs  and  annelids,  many  have  determinate  cleavage  and  a  schizocoel 
type  of  coelom.  As  in  the  molluscs,  this  schizocoel  is  much  reduced 
and  in  most  cases  consists  only  of  cavities  in  the  pericardium,  excretory 
organs,  and  gonads.  Unlike  the  molluscs,  but  like  the  annelids,  there 
are  paired  appendages  and  well-developed  metamerism.  The  paired 
appendages  of  the  arthropods  bear  only  slight  resemblance  to  the  setae 
of  the  earthworm,  for  these  appendages  are  jointed,  modified  into 
different  regions,  and  move  by  means  of  an  elaborate  musculature. 
The  jointed  appendages  and  the  chitinous  exoskeleton  or  cuticle  are  the 
truly  unique  features  of  the  members  of  this  phylum. 

Chemically,  chitin  is  a  nitrogenous  polysaccharide.  It  is  insoluble 
in  alcohol,  water,  dilute  acids,  and  dilute  or  concentrated  alkalies.  While 
this  material  is  not  unique  with  the  arthropods,  its  organization  into  a 
protective  exoskeleton  is  found  in  no  other  animals.  In  most  arthropods 
regions  of  this  chitinized  exoskeleton  are  harder,  that  is,  they  are 
sclerotised.  In  such  areas  there  is  a  smaller  amount  of  chitin,  but  a  large 
amount  of  the  protein  cuticulin.  Between  the  sclerotized  plates  are 
softer  areas  which  contain  as  much  as  80  per  cent  of  chitin  and  are 
termed  membranous.  The  exoskeleton  is  often  also  impregnated  with 
colored  materials  such  as  carotin  and  melanin. 

Bodily  movements  are  made  possible  in  spite  of  the  relatively  in- 
flexible skeleton  due  to  the  fact  that  the  sclerotized  portions  are  arranged 
in  plates  or  segments  with  membranous  portions  between  them.  This 
chitinous  exoskeleton  or  cuticle  is  secreted  by  the  epidermis  which  lies 
directly  below  it,  and  is  formed  of  a  thin  outer  epicuticle  and  a  thicker 
cndocuticle.  The  epidermis  is  made  up  largely  of  glandular  epithelial 
cells,  some  of  which  secrete  special  products  such  as  wax,  poisons,  or 
special  scent  materials.  These  are  discharged  to  the  surface  by  means 
of  ducts  which  pass  through  the  chitinous  cuticle.  Other  cells  give  rise 
to  flexible  hairs  and  setae  which  also  pass  through  pores  opening  to  the 
outside. 

Inasmuch  as  the  exoskeleton  is  inflexible,  it  imposes  certain  re- 
strictions upon  the  size  which  the  arthropod  can  attain.  For  addi- 
tional growth  to  be  possible,  this  skeleton  must  be  periodically  shed 
in  a  process  known  as  ecdysis  or  molting.    At  the  start  of  molting,  the 


488         The  Animal  Kingdom 

epidermal  cells  secrete  a  new  epicuticle  under  the  endocuticle ;  then 
special  glands  in  the  epidermis  secrete  a  molting  fluid  through  a  duct 
opening  above  the  new  epicuticle.  This  fluid  contains  an  enzyme  cap- 
able of  digesting  some  proteins  and  chitin,  but  not  cuticulin.  Since  the 
epicuticle  is  made  up  largely  of  cuticulin,  it  is  not  affected  by  the  molting 
fluid,  but  the  endocuticle  is  rapidly  dissolved  away.  Possibly  the  old 
dissolved  material  is  used  in  the  formation  of  the  new  exoskeleton.  As 
soon  as  the  new  cuticle  is  formed,  the  arthropod  breaks  its  way  through 
the  old  one  by  expanding  portions  of  the  body.  The  animal  then  wriggles 
out  of  its  old  "skin"  and  emerges  with  a  soft  new  one  which  rapidly 
hardens  and  darkens. 

The  fundamental  metamerism  of  the  arthropods  is  variously  modi- 
fied among  the  members  of  the  different  classes.  In  some  it  is  very 
clearly  visible,  while  in  others  fusion  of  segments  obscures  the  basic 
plan.  Among  the  centipedes,  for  example,  the  segments  are  clearly 
seen,  while  among  others  it  is  apparent  only  in  such  things  as  the  nerve 
ganglia,  the  musculature,  and  embryology.  In  most  classes,  body  re- 
gions are  clearly  visible;  thus  the  insect  has  a  clearly  defined  head, 
thorax,  and  abdomen,  while  the  crayfish  has  a  cephalothorax  (fused  head 
and  thorax)  and  an  abdomen. 

The  members  of  a  phylum  as  diverse  as  the  arthropods  have  so 
many  modifications  of  their  various  organ  systems  that  generalizations 
are  difficult  as  to  the  details.  These  are  best  considered  in  relation  to 
each  class.  Briefly,  however,  they  all  have  a  complete  digestive  tract 
with  various  digestive  glands  and  definite  regions.  The  circulatory 
system  is  of  the  open  type;  nearly  all  have  a  central  pumping  organ 
of  some  type,  a  few  blood  vessels,  and  an  extensive  series  of  blood 
sinuses  forming  a  hemocoel.  In  the  majority  of  species,  the  respiratory 
pigment  is  hemocyanin,  a  bluish  green  protein  containing  copper  and 
sulfur ;  a  few  forms  have  hemoglobin.  Even  more  variable  is  the  manner 
in  which  respiratory  exchange  is  made  possible.  Some  species  have 
gills,  others  tracheal  tubes,  still  others  book  lungs,  while  some  simply 
use  the  body  surface.  Excretion  is  accomplished  by  special  glands  in 
some  and  by  Malpighian  tubules  in  others.  These  latter  are  long  tubes 
in  the  body  spaces  which  pick  up  uric  acid  wastes  from  the  body  fluids 
and  discharge  them  into  the  intestine.  Among  most  species,  the  nervous 
system  is  quite  similar  to  that  of  the  annelids  inasmuch  as  it  consists 
of  dorsal  ganglia,  circumesophageal  connectives,  subesophageal  ganglia, 
and  a  ventral  nerve  cord  with  ganglia.  In  general,  there  are  many 
different  types  of  sense  organs,  most  of  which  are  highly  developed.    The 
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sexes  are  separate  in  all  but  a  few  forms ;  externally  the  sexes  are  often 
easily  dififerentiated  from  one  another.  Mating  habits,  embryology,  and 
larval  stages  are  highly  variable. 

Classes  of  the  Arthropoda. — The  classes  of  this  phylum  are 
separated  from  one  another  by  the  diverse  arrangements  of  the  body 
regions,  the  arrangement  of  the  appendages,  and  other  specialized  struc- 
tures. 

Class  I.  Onychophora.  Indistinctly  segmented,  with  elongated  bodies,  short 
antennae,  stumpy  legs  present  on  all  segments  but  the  first  and  last.  Entirely 
terrestrial;  found  only  in  tropical  moist  areas.     Example:  Peripatus. 

Class  II.  Crustacea.  Body  divided  into  cephalothorax  and  abdomen,  two 
pairs  of  antennae,  one  pair  of  jaws,  two  pairs  of  maxillae,  respiration  by  gills  or 
body  surface.  Abundant  in  nearly  all  habitats,  including  fresh-water,  marine, 
and  terrestrial.  Examples:  Cambarus,  a  crayfish,  Homarus,  a  lobster,  Uca,  the 
fiddler  crab,  Balanus,  a  barnacle,  and  Daphnia,  the  water  flea. 

Class  III.  Trilobita.  Fossil  forms  which  were  abundant  in  the  ocean  during 
the  early  Paleozoic  Era.  Body  was  divided  into  three  regions:  head,  thorax,  and 
pygidium;  two  longitudinal  furrows  divided  the  body  longitudinally.  With  a 
single  pair  of  long  segmented  antennae  on  the  head.  Example:  Triarthrus,  a 
trilobite. 

Class  IV.  Merostomata.  Body  in  two  parts,  the  cephalothorax  and  ab- 
domen ;  the  abdomen  with  appendages  which  form  book  gills  for  respiration,  three- 
jointed  chelicerae,  a  pair  of  palps  and  four  pairs  of  legs,  no  antennae.  Exclusively 
marine  forms.     Example:       Limulus,  the  horseshoe  crab;  extinct  eurypterids. 

Class  V.  Arachnida.  Body  divided  into  cephalothorax  and  abdomen,  with 
paired  chelicerae,  two  pairs  of  palps,  no  antennae,  four  pairs  of  legs,  respiration 
by  book  lungs  or  tracheae,  mostly  terrestrial  forms.  Examples:  spiders,  scor- 
pions, mites,  daddy  longlegs,  ticks. 

Class  VI.  Pycnogonida.  Body  short  with  a  minute  abdomen,  cephalothorax 
with  seven  pairs  of  appendages,  proboscis  with  suctorial  mouth,  entirely  marine 
forms.    Example:     Nymphon,  sea  spider  (Fig.  171,o). 

Class  VII.  Pentastomida  (Linguatulida).  Wormlike  forms  with  a  larval 
form  similar  to  that  of  the  mites,  unsegmented  body,  elongate  abdomen,  short 
cephalothorax,  no  circulatory,  respiratory  or  excretory  organs.  All  parasitic. 
Examples:     Porocephalus,  Linguatula,  the  tongue  worms   (Fig.  \7\,g). 

Class  VIII.  Tardigrada.  With  small  rounded  bodies,  four  pairs  of  unjointed 
legs  terminating  in  claws,  no  segments,  no  circulatory,  respiratory,  or  excretory 
systems ;  all  hermaphroditic.  Found  in  both  fresh  and  salt  water  and  in  wet  moss. 
Example:     Macrobiotus,  the  water  bear  (Fig.  171, /t). 

Class  IX.  Diplopoda.  Body  elongate  with  segments  fused  into  pairs,  with 
two  pairs  of  legs  per  external  segment,  paired  antennae,  jaws,  and  maxillae  on 
head,  sex  openings  on  third  segment,  respiration  by  tracheae.  Exclusively  terres- 
trial forms.    Examples  :  Spirobolus,  Fontaria,  millipedes. 
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Class  X.  Chilopoda.  Elongate,  many  segmented  animals  with  a  single  pair 
of  legs  on  most  segments,  reproductive  openings  on  penultimate  segment,  head 
with  antennae,  jaws,  two  pairs  of  maxillae,  first  pair  of  body  appendages  hooklike 
with  poison  glands,  respiration  by  tracheae,  entirely  terrestrial  forms.  Examples : 
Gcophilus,  Lithobius,  centipedes. 

Class  XI.  Pauropoda.  Body  consisting  of  twelve  segments  which  are  fused 
in  pairs  dorsally,  nine  segments  bear  legs,  no  eyes,  three-branched  antennae,  mouth 
parts  consisting  of  two  pairs  of  jaws  and  a  lower  lip.  Terrestrial  forms,  with 
reproductive  organs  opening  in  the  anterior  part  of  the  body.  Example :  Pauropos, 
a  pauropod  (Fig.  171,/). 

Class  XII.  Symphyla.  Trunk  composed  of  fifteen  segments,  eleven  or  twelve 
bear  legs.  Head  region  similar  to  that  of  insects,  bears  antennae,  jaws,  two  pairs 
of  maxillae,  entirely  terrestrial  forms.  Example:  Scolopcndrella,  Scutigcrella. 
A  few  are  pests  in  greenhouses  where  they  get  in  the  soil  and  feed  on  roots. 
(Fig.  171,0, 

Class  XIII.  Insecta.  Body  divided  into  head,  thorax,  and  abdomen,  three 
pairs  of  legs  and  often  wings  present  on  thorax ;  head  region  bearing  eyes,  antennae, 
three  pairs  of  mouth  parts,  respiration  by  tracheae,  excretion  by  Malpighian  tub- 
ules, may  be  either  terrestrial  or  fresh-water  dwellers.     Example:  insects. 

THE  CLASS  ONYCHOPHORA 

While  the  few  wormlike  members  of  this  class  are  known  only 
from  tropical  rain  forests  of  Mexico,  Central  and  South  America,  Asia, 
Australia,  and  Africa,  they  are  nevertheless  of  interest  to  the  zoologist 
(Fig.  160).  This  interest  is  due  to  these  onychophorans'  possession  of 
many  arthropod  characters  in  a  primitive  condition.  In  addition  they 
possess  many  characters  in  common  with  the  annelids,  further  demon- 
strating the  common  ancestry  of  these  two  diverging  phyla.  The  onyco- 
phorans  thus  are  important  far  out  of  proportion  to  the  small  number 
of  species,  small  size,  and  lack  of  economic  importance. 

Members  of  the  cosmopolitan  genus  Peripatns  are  up  to  2  inches 
in  length  and  may  be  used  to  illustrate  the  general  anatomy  of  the  mem- 
bers of  this  class. 

Externally  the  only  sign  of  segmentation  of  the  body  is  the  posses- 
sion of  pairs  of  unjointed  appendages  or  "legs."  These  are  hollow  and 
conical  with  a  distal  foot  armed  with  two  paired  claws.  The  caterpillar- 
like body  is  enclosed  in  a  thin  cuticle  of  chitin.  The  head  is  not  dis- 
tinctly separated  from  the  body  and  consists  of  but  three  segments.  One 
of  these  segments,  the  preoral,  bears  a  pair  of  antennae.  The  two  post- 
oral  segments  bear  jaws  and  oral  papillae ;  annelid-like  eyes  are  situated 
behind  each  antenna.  The  mouth  is  somewhat  elongate  and  surrounded 
by  ridged  lips,  each  ridge  being  provided  with  a  row  of  tubercles.    Along 


Phylum  Arthropoda        491 

the  sides  of  the  mouth  are  two  jaws,  while  the  roof  of  the  anterior  portion 
forms  a  muscular  ridge  armed  with  small  chitinous  teeth.  On  either 
side  of  the  mouth  are  the  oral  papillae  which  are  assumed  to  be  sensory. 
The  genital  opening  is  between  the  last  pair  of  legs,  and  the  anus 
opens  at  the  end  of  the  body.  Sexes  are  separate.  The  male  has  paired 
testes  and  ciliated  ducts.  The  female  has  paired  ovaries  and  oviducts, 
portions  of  which  are  specialized  as  uteri.  The  spermatazoa  are  de- 
posited as  spermatophores  on  the  female's  body.  The  sperm  make  their 
way  to  the  oviducts  where  fertilization  apparently  takes  place.  Develop- 
ment of  the  eggs  occurs  inside  the  oviducts  by  means  of  a  placental-like 
attachment.  It  appears  that  the  30  or  40  young  are  born  after  a  year's 
time. 


Fig.    160. The   onychophoran,   Peripatus.     A,   Lateral    view    of    entire   animal; 

B,  ventral  view  of  anterior  end. 


These  unusual  animals  live  chiefly  in  moist  places  such  as  under 
logs  and  in  leaf  mold,  where  they  feed  on  small  insects.  These  are  cap- 
tured by  means  of  their  heavy  jaws,  and  the  animals  seemingly  protect 
themselves  by  means  of  their  ability  to  eject  a  sticky  slime  from  slime 
glands  which  open  on  the  oral  papillae. 

The  arthropod  characters  possessed  by  this  group  are  the  hemo- 
coel,  dorsal  heart,  the  reduced  coelom,  chitinous  exoskeleton,  respira- 
tion by  tracheae,  and  the  jaws.     The  annelid  characters  are  the  seg- 
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mental  nephridia,  imbranched  gut,  ciliated  reproductive  ducts,  the  struc- 
ture of  the  eye  and  the  muscular  body  wall.  Unique  to  the  onychophorans 
are  the  lack  of  segmentation,  the  arrangement  of  the  tracheae,  and  the 
double  ventral  nerve  cord  without  true  ganglia. 

Perhaps  Peripatiis  is  a  surviving  member  of  a  very  ancient  group 
of  animals,  pointing  out  the  fact  that  the  arthropods  had  a  common, 
though  very  distant,  origin  with  the  annelids. 

THE  CLASS  CRUSTACEA 

Most  widespread  of  the  arthropods  are  the  crustaceans.  They  live 
in  all  portions  of  the  sea,  in  fresh  water,  and  on  land.  As  they  occupy 
all  these  varying  habitats,  a  large  number  of  species  with  a  great  di- 
versity of  form  has  evolved.  In  size,  they  vary  from  tiny  microscopic 
floating  organisms  to  the  giant  sea  crabs  which  spread  to  12  feet.  Most 
are  free-living,  but  there  are  a  few  parasites.  In  spite  of  this  diversity 
there  are  certain  fundamental  characters  which  unite  them  as  a  single 
class :  the  head  bears  two  pairs  of  antennae,  has  paired  mandibles,  and 
two  pairs  of  maxillae.  Dorsally  there  is  often  a  carapace  over  the  head 
and  thorax ;  the  abdominal  segmentation  is  usually  distinct,  with  each 
segment  typically  possessing  a  pair  of  biramotis  (two-branched)  ap- 
pendages which  are  often  highly  modified.  Respiration  is  by  gills  or 
the  body  surface  and  excretion  is  by  special  glands.  Except  for  a  few 
species,  the  sexes  are  separate. 

The  anatomy  of  the  fresh-water  crayfish,  Cambarus  sp.,  illustrates 
the  characters  of  this  highly  varied  class. 

The  External  Anatomy  of  Cambarus. — The  body  of  the  crayfish 
is  formed  of  nineteen  segments  which  are  variously  fused  and  modified 
in  the  different  regions.  The  basic  structure  of  each  segment  is  best 
observed  in  some  of  the  abdominal  ones.  In  these  it  can  be  seen  that 
the  protective  exoskeleton  of  chitin  consists  of  several  plates.  There 
is  a  dorsal  convex  tergnm,  two  lateral  pleura,  and  a  ventral  sternum. 
Between  the  pleura  and  the  base  of  the  appendages  are  the  small  epimera. 

Externally  the  body  consists  of  two  well-defined  regions :  the  an- 
terior cephalothorax  and  the  posterior  abdomen.  The  cephalothorax  is 
the  fused  head  and  thorax  and  dorsally  and  laterally  it  is  covered  by  the 
hardened  carapace.  Dorsally  the  thirteen  segments  of  the  head-thorax 
region  are  thus  concealed,  but  they  are  visible  from  the  ventral  surface. 
Anteriorly  the  carapace  projects  forward  as  the  rostrum.  The  portion 
of  the  carapace  covering  the  head  region  is  separated  from  that  covering 
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Fig.  161. — The  crayfish,  Cambariis,  dorsal  view.     (From  Parker  and  Clarke: 
An  Introduction  to  Animal  Biology.) 
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Fig.  162. — The  crayfish,  Camharus,  male  and  female,  ventral  view.      (From 
Parker  and  Clarke:      An  Introduction  to  Animal   Biology.) 
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the  thoracic  region  by  the  dorsal  cervical  groove.  Laterally  the  thoracic 
portion  of  the  carapace,  the  branchiostegite,  covers  the  gills.  This  is 
separated  from  a  narrow  central  strip,  the  areola,  by  the  branchiocardiac 
groove.    On  either  side  of  the  rostrum  is  the  stalked  eye. 

The  abdomen  is  composed  of  six  segments  and  a  modified  posterior 
extension,  the  telson.  This  latter  may  or  may  not  be  considered  a  true 
segment. 

Ventrally  several  openings  may  be  seen.  The  mouth  is  in  the  head 
region  and  is  surrounded  by  the  jazvs  and  other  mouth  parts.  The  anus 
is  in  the  telson  while  the  openings  of  the  ducts  of  the  reproductive 
system  are  at  the  posterior  portion  of  the  thorax.  The  openings  of 
the  oviducts  are  at  the  base  of  the  third  pair  of  walking  legs,  while  those 
of  the  male  are  at  the  base  of  the  fifth  pair. 

Primitively  each  segment  of  the  arthropods  has  a  pair  of  appendages  ; 
this  situation  is  very  nearly  approached  by  the  crayfish  in  which  every 
segment  but  the  fourteenth  of  the  female  has  a  pair.  The  basic  structure 
of  these  appendages  is  very  clearly  demonstrated  by  those  of  the  ab- 
dominal region.  Each  of  these  swimmcrets,  as  they  are  termed,  is 
formed  of  a  basal  portion  the  protopodite  and  two  branches,  an  inner 
cndopodite,  and  an  outer  cxopodite.  The  protopodite  usually  has  two 
joints,  a  coxopodite  and  a  basipodite.  All  of  the  appendages  have  been 
modified  from  this  basic  type.  The  appendages  of  the  head  region  are 
the  most  highly  modified.  Of  the  five  pairs  of  head  appendages,  the 
first  are  the  antenniiles  and  the  second,  the  antennae,  both  of  which  are 
sensory  in  function.  The  third,  fourth,  and  fifth  pairs  of  appendages 
are  associated  with  the  mouth  and  are  important  for  handling  food. 
These  are  the  mandibles  and  the  two  maxillae.  The  thorax  has  eight 
pairs  of  appendages.  The  first  three,  the  maxillipeds,  are  concerned 
with  food  handling  while  the  remaining  five  are  the  large  conspicuous 
walking  legs.  The  first  of  the  walking  legs  are  modified  into  heavy 
pincers,  the  chelipeds,  which  mainly  grasp  prey.  The  last  two  maxilli- 
peds and  the  first  four  walking  legs  bear  gills  attached  to  their  coxop- 
odites.  In  the  male,  the  first  two  swimmerets  are  modified  for  sperm 
transfer  and  the  first  is  lacking  in  the  female.  In  both,  the  remaining 
swimmerets  are  similar.  The  nineteenth  segment  lacks  swimmerets  but 
has  the  broad  flat  uropods  which  are  useful  for  swimming. 

Even  though  most  of  the  appendages  of  the  crayfish  are  highly  modi- 
fied from  the  basic  plan  illustrated  by  the  swimmerets,  the  parts  are 
recognizable  as  having  the  same  fundamental  structure  and  it  can  be  said 
that  they  are  homologous.     Inasmuch  as  the  basic  plan  is  repeated  with 
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variation  on  the  different  segments  of  the  body,  it  is  termed  serial 
homology.  This  is  one  of  the  reasons  that  the  crayfish  is  such  a  vakiable 
form  for  ilkistrating  this  basic  concept. 


Fig.  163. — The  appendages  of  the  crayfish  showing  the  homology  of  the 
parts.  They  are  numbered  from  I  to  XIX.  1,  Protopodite;  2,  endopodite;  3,  exo- 
podite;  4,  epipodite;  5,  epipodite  with  gill  filaments;  6,  gill  with  gill  filaments; 
7,  chitinous  threads.  (From  Beaver:  The  Science  of  Biology,  The  C.  V.  Mosby 
Company.) 
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The  Internal  Anatomy  of  Cambarus. — Beneath  the  exoskeleton 
is  the  thin,  pigmented  epidermis  by  which  the  exoskeleton  is  secreted. 
The  exoskeleton  not  only  covers  the  body,  but  in  addition  has  inward  pro- 
jections, one  of  which  lines  the  hindgut,  one  the  foregut,  and  others 
which  project  inward.  These  latter  constitute  an  endoskeleton  which 
serves  for  the  attachment  of  muscles.  During  molting,  the  exoskeleton 
and  the  extensions  within  the  gut  are  shed,  while  the  endoskeleton  is 
absorbed.  There  is  a  series  of  powerful  muscles  which  move  the  various 
parts  of  the  body  and  the  appendages.  These  muscles  are  particularly 
prominent  in  the  abdomen  where  they  serve  for  locomotion. 

The  digestive  tract  may  be  conveniently  divided  into  three  main 
regions :  the  foregut,  the  midgut,  and  the  liindgut.  The  mouth  which 
opens  between  the  jaws  on  the  ventral  surface  leads  into  the  short 
esophagus  and  then  into  the  stomach.  These  three  parts  constitute  the 
foregut.  The  stomach  is  divided  into  two  main  regions :  the  cardiac 
and  the  pyloric.  The  cardiac  portion  has  a  chitinous  lining  which  is 
calcified  in  some  parts  to  form  one  median  and  two  lateral  teeth  which 
are  worked  by  powerful  muscles.  This  "gastric  mill"  helps  to  grind  the 
food.  Small  hairs  at  the  entrance  to  the  pyloric  portion  prevent  large 
particles  from  entering.  The  stomach  has  no  true  digestive  function ; 
it  prepares  the  food  for  digestion  in  the  midgut  by  grinding  and  strain- 
ing. During  certain  periods  of  the  year,  large  calcareous  masses,  gas- 
troliths,  may  be  found  in  the  cardiac  portion.  These  may  act  to  store  cal- 
cium during  the  molt.  After  molting,  they  disappear,  and  the  calcium 
apparently  is  used  for  the  rapid  calcification  of  much  of  the  chitin. 

Digestion  and  absorption  of  food  occur  in  the  midgut.  This  portion 
of  the  digestive  tract  consists  of  a  short  intestine  to  which  are  connected 
large  digestive  diverticula  or  caeca.  These  are  complex  in  both  struc- 
ture and  function.  Two  of  these  caeca  are  lateral  in  position  and  one  is 
dorsal.  The  two  lateral  ones  are  often  termed  "livers,"  but  this  is  not 
entirely  correct  for  their  secretion  is  both  proteolytic  and  lipolytic.  More 
properly,  they  should  be  termed  a  hepatopancreas,  or,  more  simply, 
digestive  gland.  Food  is  both  digested  and  absorbed  in  these  large  lateral 
caeca.    They  also  function  for  storage. 

The  hindgut  consists  of  the  long  straight  intestine  which  broadens 
into  the  short  rectum  just  before  the  anus. 

The  circulatory  system  is  made  up  of  a  heart,  arteries,  and  a  series 
of  sinuses  which  form  a  hemocoel.  The  heart  is  little  more  than  an  en- 
largement of  the  main  dorsal  blood  vessel,  and  is  located  in  the  dorsal 
portion  of  the  thoracic  region.     It  is  suspended  by  six  ligaments  in  the 
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pericardial  sinus.  Blood  enters  the  heart  through  three  pairs  of  ostia 
from  the  pericardial  sinus,  and  is  then  pumped  by  the  heart  to  all  parts 
of  the  body.  The  blood  leaves  the  heart  through  a  series  of  six  arteries. 
The  exits  of  all  these  arteries  are  guarded  by  valves  which  prevent  the 
backflow  of  the  blood.  Five  of  these  arteries  pass  anteriorly,  but  one 
passes  posteriorly ;  thus  this  heart  like  that  of  the  molluscs  pumps  blood 
in  both  directions. 

Anteriorly,  the  arteries  are  as  follows :  the  ophthalmic  which  sup- 
plies the  head  region,  the  esophagus,  and  the  cardiac  portion  of  the 
stomach ;  the  paired  antennaries  which  arise  on  either  side  of  the  ophthal- 
mic and  supply  the  antennae,  muscles  of  the  head,  the  excretory  organ, 
and  part  of  the  cardiac  stomach;  and  the  paired  hepatics  which  supply 
the  midgut  and  digestive  gland  and  which  arise  ventral  to  the  anten- 
naries. Posteriorly,  a  single  vessel,  the  dorsal  abdominal,  carries  the 
blood  to  the  dorsal  portion  of  the  abdomen.  Shortly  after  leaving  the 
heart,  this  latter  vessel  gives  rise  to  the  sternal  artery  which  passes 
ventrally  to  the  region  of  the  nerve  cord.  In  the  regions  of  the  fourth 
and  fifth  thoracic  ganglia,  the  sternal  artery  bifurcates  into  two  vessels, 
the  ventral  thoracic  and  the  ventral  abdominal.  Both  of  these  pass  below 
the  nerve  cord.  These  arteries  branch  and  rebranch,  finally  forming 
capillaries  which  gradually  become  spaces  between  tissues. 

After  the  blood  has  given  up  oxygen  to  the  tissues,  it  is  collected 
in  the  large  sternal  sinus.  From  the  sternal  sinus,  afferent  channels 
carry  the  blood  to  the  gills  where  it  is  oxygenated.  Finally  efferent 
channels  bring  the  blood  into  the  branchiocardiac  sinuses  which  in  turn 
enter  the  pericardial  sinus.  Blood  then  flows  into  the  heart  through 
the  three  pairs  of  ostia,  one  dorsal,  one  lateral,  and  one  ventral. 

The  blood  itself  is  very  nearly  colorless,  but  does  contain  amoe- 
bocytes.  The  respiratory  pigment  is  hemocyanin.  The  blood  clots 
readily  if  the  animal  is  injured ;  this  is  of  importance  inasmuch  as  the 
crayfish  is  able  to  break  off  appendages  and  later  regenerate  them. 

The  respiratory  system  is  a  series  of  plumelike  gills  located  in  the 
branchial  chamber  between  the  branchiostegites  and  the  body  wall.  The 
exopodite  of  the  second  maxilla  is  modified  into  a  flat  plate,  the  scapho- 
gnathite,  whose  movements  draw  water  through  the  channels  of  the 
branchial  chamber.  Water  enters  posteriorly  and  ventrally  and  emerges 
anteriorly.  Each  gill  consists  of  two  parts,  a  podobranch  and  a  arthro- 
branch,  and  they  are  arranged  in  two  rows  with  the  podobranch  of  each 
gill  arising  from  the  coxopodite  of  appendages  7  to  12  and  the  arthro- 
branchs  arising  from  the  membranes  that  join  these  appendages  to  the 
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body.  The  related  genus,  Astaciis,  which  dwells  on  the  west  coast,  has 
an  additional  gill,  the  picurohranch,  which  is  attached  to  the  thorax 
above  the  thirteenth  appendage. 

The  excretory  system  consists  of  a  pair  of  green  glands  lying  in 
the  head  region  anterior  to  the  esophagus.  Each  organ  possesses  a 
glandular  region  for  waste  removal,  a  bladder,  and  a  duct  which  opens 
ventrally  at  the  base  of  the  antennae. 


Fig.  165. — Longitudinal  section  through  ommatidia  of  a  crayfish.     Note  migration 
of  pigment.     A,   In  bright  light;   B,  in  dim  light. 

The  nervous  system  is  quite  similar  to  that  of  the  earthworm. 
Above  the  esophagus  is  the  supraesophageal  ganglion,  from  which  nerves 
lead  to  supply  the  eyes,  antennae,  and  antennules.  A  pair  of  circumesoph- 
ageal  commissures  lead  from  this  ganglion  to  the  subesophageal  gang- 
lia. From  these  latter,  a  double  ventral  nerve  cord  passes  posteriorly 
for  the  length  of  the  body.  A  series  of  ganglia  along  its  length  give  ofif 
lateral  nerves.  In  the  embryo  there  is  a  ganglion  for  each  segment,  but 
in  the  adult,  fusion  occurs.  Posterior  to  segment  13,  however,  each 
segment  does  retain  its  individual  ganglion.  In  addition  to  this  central 
nervous  system  there  is  a  visceral  nervous  system  which  arises  from  the 
ventral  portion  of  the  supraesophageal  ganglion. 
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The  sense  organs  of  the  crayfish  are  highly  developed.  The  eyes, 
which  are  located  on  moveable  stalks  below  and  on  either  side  of  the 
rostrum,  are  of  the  compound  type,  that  is,  each  eye  is  composed  of 
a  large  number  of  individual  units,  ommatidia.  Each  ommatidium  re- 
ceives a  separate  image;  thus  a  mosaic  rather  than  a  single  image  is 
perceived.  Covering  the  surface  of  the  entire  eye  is  the  transparent 
cornea  which  is  divided  by  fine  lines  into  a  series  of  four-sided  facets, 
each  of  which  represents  the  distal  portion  of  a  single  ommatidium.  The 
ommatidium  itself  is  a  complex  rod  formed  of  the  outer  cornea,  two 
inner  corneal  cells  which  secrete  the  cornea,  a  long  cone-shaped  crystal- 
line body  fortified  by  four  cells,  and  two  retiniilar  cells  which  surround 
the  crystalline  body.  In  addition,  at  the  base  of  the  ommatidium  are 
seven  retinular  cells  which  form  a  rhabdome,  basal  pigment  cells  around 
the  retinida,  and  finally  between  the  inner  bases  of  the  retinular  cells  a 
single  tapetum  cell.  All  the  ommatidia  rest  on  a  basement  membrane 
through  which  the  inner  end  of  the  retinular  cells  pass.  Each  retinular 
cell  connects  by  means  of  a  nerve  fiber  to  the  supraesophageal  ganglion. 

There  are  approximately  2,500  of  these  individual  ommatidia  in 
each  eye.  In  strong  light,  the  pigment  cells  extend  in  such  a  way  that 
each  ommatidium  is  isolated  from  every  other  one  and  a  whole  series 
of  images  is  perceived.  This  type  of  visual  perception  is  particularly  well 
adapted  to  the  observation  of  movements.  In  lower  intensities  of  light, 
this  pigment  recedes  and  the  light  stimulus  is  able  to  pass  from  one 
ommatidium  to  another.  This  probably  results  in  a  continuous  image, 
perhaps  somewhat  similar  to  the  single  image  which  we  perceive,  al- 
though it  is  undoubtedly  quite  indistinct. 

At  the  base  of  the  antennules  is  another  sensory  organ,  the  stato- 
cyst,  which  is  concerned  with  balance.  This  is  a  chitinized  sac  lined  with 
a  ridge  bearing  many  tiny  hairs  to  which  small  grains  of  sand  are  at- 
tached by  mucus.  These  hairs  are  connected  by  nerves  to  the  brain  and 
detect  changes  in  the  position  of  the  body.  Proof  of  this  function  is 
easily  obtained  :  a  crayfish  about  to  molt  is  placed  in  clear  filtered  water 
without  grains  of  sand ;  when  it  has  completed  its  molt,  it  will  be  noted 
that  its  equilibrium  is  upset.  For  further  proof,  tiny  iron  filings  may 
be  placed  in  the  water.  These  will  be  placed  on  the  sensory  hairs  after 
the  molt;  then  if  a  magnet  is  brought  near  the  crayfish,  it  will  orient 
itself  in  relation  to  the  magnet  instead  of  to  gravity.  Further,  these 
experiments  demonstrate  that  the  inner  portion  of  the  sac  with  the 
sensory  hairs  is  lost  during  the  molt,  and  the  tiny  grains  must  be  re- 
placed on  the  new  hairs. 
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Tactile  hairs  are  located  on  many  parts  of  the  body  and  appendages, 
and  chemically  responsive  hairs  are  found  on  the  antennae,  antennules, 
and  mouth  parts.  These  sense  organs  are  delicate  structures  which 
contain  sensory  hairs  connected  to  nerves. 

The  endocrine  system  has  been  demonstrated  in  but  few  of  the 
invertebrates,  but  it  has  been  definitely  shown  that  the  crayfish  has  a 
well-developed  one.  The  chief  endocrine  gland  is  that  located  at  the 
base  of  the  eyestalk,  the  sinus  gland.  Hormones  from  it  control  the 
molting  of  the  animal,  the  expansion  of  pigment  cells,  the  formation 
of  the  exoskeleton,  behavior  patterns,  and  many  other  activities.  In  a 
limited  way,  this  gland  may  correspond  in  function  to  the  pituitary 
gland  of  vertebrates. 

The  sexes  are  separate  in  the  crayfish.  The  white  testes  of  the 
male  are  located  just  ventral  to  the  pericardial  sinus.  From  each  side, 
the  coiled  vas  deferens  passes  ventrally  and  opens  to  the  outside  at  the 
base  of  the  fifth  walking  leg.  Sperm  transfer  is  accomplished  by  the 
modified  first  two  swimmerets  of  the  abdomen.  In  the  female,  the 
ovaries  are  located  in  a  position  similar  to  that  occupied  by  the  testes. 
The  oviducts  pass  ventrally,  opening  near  the  bases  of  the  third  walking 
legs.  Ventrally  the  opening  is  surrounded  by  a  swollen  rim,  the  an- 
nulus  ventralis,  within  which  is  the  seminal  receptacle. 

The  Life  History  of  Cambarus. — The  time  of  mating  varies  with 
the  different  species,  but  in  general  it  occurs  in  the  fall.  During  copu- 
lation, the  sperm  from  the  male  are  transferred  by  means  of  the  modified 
swimmerets  to  the  seminal  receptacle  of  the  female.  During  this  process, 
the  female  lies  on  her  back  with  the  male  holding  her  firmly  in  place  by 
means  of  his  two  chelipeds.  The  sperm  remain  for  varying  periods  in 
the  seminal  receptacles,  but  usually  it  is  the  following  spring  before 
fertilization  occurs.  Shortly  before  laying  the  eggs,  the  female  care- 
fully cleans  the  swimmerets.  She  then  lies  on  her  back  with  the  abdomen 
sharply  curved.  The  eggs  are  extruded,  fertilized  by  sperm  from  the 
seminal  receptacle,  and  then  attached  to  the  swimmerets  by  means  of 
a  sticky  secretion.  Following  this,  the  female  backs  into  a  safe  spot 
with  the  tiny  eggs  hanging  from  the  swimmerets.  By  constant  move- 
ments, the  eggs  are  aerated  and  development  proceeds  for  about  five 
weeks.  At  the  end  of  this  time,  the  tiny  crayfish  hatch,  but  remain 
attached  for  several  molts  to  the  female's  swimmerets. 

Inasmuch  as  the  individual  tgg  has  a  great  deal  of  yolk,  the  cleav- 
age planes  are  superficial. 


Phylum  Arthropoda         505 

Regeneration  and  Autotomy.— While  crayfish  do  not  have  the 
amazing  regenerative  powers  of  some  of  the  lower  invertebrates,  they 
are  able  to  regenerate  broken  or  lost  appendages.  At  times  these  ap- 
pendages are  replaced  by  others  quite  unlike  the  original  ones.  This  type 
of  regeneration  of  a  different  sort  of  appendage  is  known  as  heteromor- 
phosis.  For  example,  if  an  entire  eye  is  removed,  it  is  replaced  by  an 
antenna-like  organ. 

If  a  walking  leg  is  injured,  the  crayfish  is  able  to  cast  it  off  in  a 
process  known  as  autotomy.  There  is  a  definite  breaking  point  on  each 
of  these  legs  where  this  normally  occurs.  There  is  no  injury  to  the 
muscle  and  it  is  accompanied  by  a  rapid  sealing  off  of  the  space  through 
which  the  nerves  and  blood  vessels  pass.  Regeneration  occurs  very 
rapidly  from  this  stump.  Autotomy  has  a  definite  protective  function 
and  survival  value. 

Biology. — The  crayfish  normally  lives  in  a  small  burrow  under 
some  protecting  material  in  water.  It  faces  outward  with  the  large 
chelipeds  extended  and  the  antennae  moving  about.  Any  small 
crustacean,  insect  larvae,  worms,  snails,  small  fish,  or  even  dead  animal 
material  is  quickly  seized  by  the  chelipeds  and  taken  to  the  mouth.  The 
crayfish  is  most  active  at  evening  and  in  the  morning,  and  they  are 
most  commonly  seen  in  spring  and  early  summer.  During  the  winter 
months,  they  crawl  into  burrows  for  protection.  Generally  they  crawl 
about  slowly,  using  their  walking  legs,  but  when  frightened,  they  may 
swim  rapidly  by  using  their  heavy  abdominal  muscles. 

The  crayfish  are  preyed  upon  by  many  different  animals  including 
water  birds,  various  aquatic  mammals,  turtles,  water  snakes,  fish,  etc. 
In  fact,  they  form  an  important  element  of  the  diet  of  many  of  these 
above-named  animals. 

By  experimentation  it  has  been  shown  that  the  crayfish  has  limited 
powers  of  modifying  its  behavior  patterns  by  conditioning,  and  thus  is 
able  to  do  some  very  simple  learning. 

Other  Crustaceans. — Inasmuch  as  the  members  of  this  class  are  so 
very  diverse,  five  subclasses  have  been  recognized. 

The  first  of  these  subclasses  is  the  Branchiopoda  whose  members 
are  characterized  by  the  possession  of  leaflike  thoracic  appendages  whose 
margins  bear  gills.  One  group  of  these  is  the  fairy  shrimps  which  live 
in  fresh  water,  swim  on  their  backs,  and  are  very  abundant  in  the  spring 
of  the  year.  The  eggs  deposited  by  these  transparent  forms  are  able 
to  withstand  summer  drying  and  winter  freezing.     While  most  species 
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of  this  subclass  such  as  Eubranchipus  do  not  have  shells,  others  such 
as  Estheria  have  bivalve  shells,  while  Apus  has  a  peculiar  thoracic  shield. 
Included  in  this  subclass  also  are  the  cladocerans.  These  are  small 
fresh-water  forms  which  are  very  abundant  among  the  floating  or- 
ganisms.   Most  genera  such  as  Daphnia  possess  a  bivalve  shell. 

The  second  subclass,  Ostracoda,  contains  the  ostracods.  These  are 
small  crustaceans  which  are  encased  in  a  bivalve  shell.  Species  occur 
in  both  fresh  and  salt  waters,  and  they  may  be  floating  forms  or  live 
in  the  bottom  mud.  Genera  such  as  Cypris  may  become  extremely 
abundant. 


Fig.  166. — Some  fresh-water  crustaceans.  A,  Daphnia,  a  cladoceran;  B,  Cypris, 
an  ostracod;  C,  Cyclops,  a  copepod;  D,  Apus,  a  notostracan  fairy  shrimp;  E,  Eu- 
branchipus, the  anostracan  fairy  shrimp. 


Another  subclass  is  the  Copepoda.  These  are  mostly  small  free- 
living  forms  which  occur  in  both  fresh  and  salt  waiter.  Cyclops  is  a 
common  genus.  This  group  contains  some  parasitic  forms  which  live 
on  fish  and  often  do  considerable  damage.  Argulus,  the  fish  louse,  has 
prominent  suckers  for  attachment.  Others,  such  as  Lernaea,  are  re- 
duced in  the  adult  to  simple  egg  sacs. 

The  subclass  Cirripedia  contains  the  barnacles  which  economically 
may  be  considered  among  the  most  important  of  the  crustaceans.  All  are 
marine  forms  and  usually  they  are  sessile.  The  common  gooseneck  barn- 
acle, Lepas,  has  a  stalk  and  an  expanded  distal  portion  enclosed  in  a 
mantle  and  calcareous  plate.    The  animal  is  so  oriented  inside  the  mantle 
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that  it  literally  stands  on  its  head  and  kicks  food  into  its  mouth  with 
its  modified  thoracic  appendages.  Balaniis,  the  common  acorn  barnacle, 
lacks  a  stalk.  Both  of  these  barnacles  are  hermaphroditic.  They  do 
considerable  damage  to  submerged  portions  of  wharves  and  boats  to 
which  they  become  attached.  Their  weight  may  become  so  great  as  to 
slow  down  a  boat.  The  greatest  expense  involved,  of  course,  is  the 
dry  docking  and  removal  of  the  accumulation  of  barnacles  from  large 
boats.  Sacculina  is  a  peculiar  root-headed  barnacle  which  is  parasitic 
on  crabs.  In  the  adult,  it  is  little  more  than  a  much-branched  mass 
of  cells  that  penetrates  to  all  parts  of  the  crab's  body.  Its  identity  as  a 
barnacle  was  not  known  until  its  larval  stages  were  identified. 


Fig.  167. — Some  marine  crustaceans,  a,  Squilla,  the  mantis  shrimp;  b,  Homarus, 
ihe  lobster;  c,  Crago,  the  edible  shrimp;  d,  Balanus,  the  acorn  barnacle;  e,  Lepas, 
the  goose  barnacle;  /,  Panulirus,  the  rock  lobster;  g,  Pagurus,  the  hermit  crab; 
h,  Uca,  the  fiddler  crab,  i,  Cancer,  the  edible  crab. 


The  last  subclass  of  the  crustaceans  is  that  containing  the  larger 
forms,  the  Malacostraca.  This  again  represents  a  varied  assemblage 
of  forms  ranging  in  size  from  a  millimeter  to  crabs  of  more  than  12  feet 
in  diameter.  It  includes  the  small  fresh-water  shrimp,  Mysis;  the 
highly  modified  Nehalia;  the  marine  prawn  Penaeus;  the  dorsoventrally 
flattened  isopods  such  as  the  fresh- water  Asellus  and  the  terrestrial 
Armadillium;  the  marine  Idothea;  and  the  laterally  flattened  amphipods 
such  as  Gammarus.  The  larger  forms  are  all  included  in  the  order 
Decapoda.  These  include  the  structurally  similar  crayfish  Cambarus 
and  Astacits,  the  lobster  Homarus,  a  vast  assemblage  of  highly  modified 
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crabs  and  the  marine  shrimps.  Many  of  the  crabs  and  shrimps  are 
highly  important  as  food  items;  thus  they  constitute  a  very  important 
group  of  invertebrates. 

Larval  Stages  of  the  Crustaceans. — While  the  crayfish  which 
has  been  considered  in  detail  has  no  free-swimming  larval  stages,  most 
of  the  crustaceans  do.  The  series  of  larval  stages  are  quite  distinct  and 
have  been  named  nauplius,  cypris,  protozoea,  zoea,  mysis,  and  megalops. 
The  more  primitive  crustaceans  such  as  the  fairy  shrimps,  the  ostracods, 
and  the  copepods  pass  through  only  the  nauplius  stage.     The  barnacle 


Fig.  168. — Diagram  of  larval  stages  of  crustaceans,  illustrating  recapitulation. 
Those  stages  in  ovals  are  gone  through  in  the  egg;  all  others  are  free-living.  (By 
permission  from  Natural  History  of  Marine  Animals  by  MacGinitie  and  MacGinitie. 
1949.    Copyright  by  McGraw-Hill  Book  Company,  Inc.) 


passes  through  the  nauplius  stage  and  a  cypris  stage  which  resembles 
the  adult  ostracod.  The  lobster  passes  through  a  nauplius  in  the  tgg, 
lacks  the  cypris  stage,  passes  through  a  protozoea  and  zoea  stage  in  the 
tgg,  and  a  free-swimming  mysis  which  resembles  the  adult  of  the  more 
primitive  Mysis.  Thus  many  of  the  advanced  crustaceans  pass  through 
stages  which  resemble  the  adults  of  more  primitive  forms.  This  is  used 
as  further  evidence  of  Haeckel's  biogenetic  law  or  recapitulation  theory. 
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THE  CLASS  TRILOBITA 


During  the  Cambrian  and  Silurian  periods  of  the  Paleozoic  era, 
the  trilobites   (Fig.  169,A)   were  among  the  most  abundant  of  the  in- 
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Fig.  169. — A,  Dorsal  view  of  a  trilobite;  B,  ventral  view  of  female  spider. 
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vertebrate  forms.    At  present  there  are  no  living  species,  but  their  fossil 
remains  are  widely  distributed  throughout  sedimentay  rocks. 

There  were  three  body  regions :  the  head,  thorax,  and  pygidiiim. 
The  flattened  body  was  divided  into  three  lobes  by  longitudinal  fur- 
rows, and  the  pygidium  was  formed  by  the  union  of  the  posterior  seg- 
ments. The  head  region  was  but  poorly  developed  and  had  but  a  single 
pair  of  antennae  and  in  most  cases  a  pair  of  compound  eyes.  The  head 
was  covered  by  a  shieldlike  carapace.  Except  for  the  last  segment,  each 
body  segment  had  a  pair  of  biramous  appendages. 

These  forms  had  a  free-swimming  larval  stage  which  bore  re- 
semblance to  the  nauplius  larva  of  the  crustaceans. 

THE  CLASS  MEROSTOMATA 

The  members  of  this  class  are  usually  considered  to  be  closely  re- 
lated to  the  spiders  and  allied  groups  due  to  the  similarity  of  the  ap- 
pendages. In  past  ages,  this  was  an  abundant  group,  but  at  present 
there  are  but  four  known  species  which  at  times  are  found  in  quite  large 
numbers.  One  of  these,  the  king  crab,  Limulus  polyphemus  is  found 
from  Newfoundland  to  Mexico;  the  others  are  found  in  the  Orient. 
Often  these  are  called  the  "horseshoe  crabs"  due  to  the  resemblance  of 
the  carapace  to  a  horseshoe ;  actually,  of  course,  this  animal  is  not  a 
crab  and  is  not  closely  related  to  the  crustaceans. 

The  cephalothorax  dorsally  bears  lateral  compound  eyes  and  ven- 
trally  has  six  pairs  of  appendages.  These  appendages  include  the  three- 
jointed  chelicerae,  and  the  six- jointed  legs.  There  is  a  wide,  unseg- 
mented  abdomen  and  a  long  pointed  terminal  telson.  Ventrally  the 
abdomen  has  six  pairs  of  thin,  broad  appendages,  the  last  five  of  which 
function  as  gill  books.  The  "leaves  of  these  books"  are  well  supplied 
with  blood  vessels  for  respiration ;  the  sexes  are  separate. 

Limulus  lives  in  the  shallow  coastal  waters,  burrowing  in  the  sand 
and  mud  and  feeding  on  worms  and  other  small  invertebrates.  In  the 
early  summer,  it  goes  to  sand  beaches,  mates,  makes  a  depression  in  the 
sand,  and  lays  the  eggs.  The  larva  that  hatches  from  the  egg  resembles 
very  closely  the  adult  ancient  trilobites  and  is  known  as  a  trilobite  larva 
(Fig.  170,C).  Limulus  may  grow  to  one  foot  in  length,  not  including 
the  telson.  As  it  grows,  it  casts  its  exoskeleton  in  typical  arthropod 
fashion  and  these  are  often  found  washed  up  in  large  numbers  along  the 
shores. 
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A  group  closely  related  to  the  horseshoe  crabs  are  the  now  extinct 
eurypterids  which  swarmed  in  the  seas  during  the  Paleozoic  era.  These 
bear  a  rather  strong  superficial  resemblance  to  present-day  scorpions. 


Fig.  170. — Tlie  king  crab,   Limulus  polyphemus.     A,  Ventral   view; 
B,   dorsal  view;   C,   trilobite   larva. 

THE  CLASS  ARACHNIDA 

The  members  of  this  group  are  familiar  inasmuch  as  the  spiders, 
scorpions,  daddy  longlegs,  mites,  ticks,  and  many  other  forms  are  all 
included  within  it.  All  are  characterized  by  the  fact  that  the  body  is 
divided  into  the  cephalothorax  and  abdomen,  there  are  six  pairs  of  ap- 
pendages in  the  adult,  paired  chelicerae,  paired  palpi,  and  four  pairs  of 
walking  legs. 

The  Anatomy  of  a  Spider. — The  most  conspicuous  of  the  arach- 
nids are  the  omnipresent  spiders  which  all  are  members  of  the  order 
Araneae.  Their  anatomy  is  fairly  typical  of  that  of  many  other  arach- 
nids (Fig.  169,5). 

The  cephalothorax  and  abdomen  are  joined  by  the  narrow  peduncle. 
In  many  species,  the  abdomen  is  considerably  larger  than  is  the  cephalo- 
thorax. A  varying  number  of  simple  eyes  are  present  on  the  anterior 
portion  of  the  cephalothorax,  and  ventrally  the  cephalothorax  bears  the 
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six  characteristic  pairs  of  appendages.  Each  chelicera  has  a  basal  seg- 
ment and  a  distal  pincerlike  segment  which  bears  the  opening  of  the 
poison  duct  near  its  tip.  This  duct  is  connected  with  the  gland  in  the 
cephalothorax.  The  six- jointed  palpi  have  the  basal  segment  modified 
for  breaking  up  food.  In  the  males,  the  palpus  is  further  modified  for 
the  transference  of  sperm.  Each  of  the  four  pairs  of  walking  legs  con- 
sists of  seven  segments  :  the  coxa,  the  trochanter,  the  femur,  the  patella, 
the  tibia,  the  metatarsus,  and  the  tarsus;  each  of  the  tarsi  terminates  in 
claws  and  variously  modified  hair  pads.  Ventrally  the  mouth  is  located 
between  the  bases  of  the  coxae  of  the  palpi. 

The  distal  part  of  the  abdomen  contains  the  anal  opening  and  the 
spinnerets.  These  latter  consist  of  several  pairs  of  blunt  projections 
which  contain  small  tubes  through  which  the  silk  passes  from  the  ab- 
dominal silk  glands.  Ventrally  the  reproductive  duct  opens  at  the  an- 
terior portion.  While  in  the  male  there  is  no  special  structure  around 
the  opening,  the  female  has  a  complicated  apparatus,  the  epigynum.  On 
either  side  of  this  opening  are  the  openings  of  the  book  lungs,  while  just 
anterior  to  the  spinnerets  is  often  another  opening,  the  tracheal  spiracle. 

The  Biology  of  the  Spiders. — The  spiders  are  an  extremely  varied 
and  successful  group  of  animals.  It  has  been  estimated  that  there  are 
over  20,000  different  species.  On  the  whole  they  are  of  little  economic 
importance,  with  their  destruction  of  harmful  insects  probably  being 
somewhat  helpful.  As  mentioned,  they  all  have  poison  glands  which  are 
used  to  kill  their  prey.  With  rare  exceptions,  this  poison  has  no  effect 
on  human  beings  with  the  black  widow  spider  (Latrodectus  mactans) 
possibly  being  an  exception.  It  is  probable  that  the  danger  of  this 
spider  is  highly  exaggerated,  but  there  is  some  evidence  that  it  may  be 
dangerous  or  even  fatal  to  small  children  or  persons  in  a  poor  state  of 
health. 

The  multitude  of  form  and  appearance  of  spiders  defies  generaliza- 
tion. There  are  forms  that  resemble  bird  droppings  and  thorns.  Some 
are  elongate  and  slender ;  others  are  short  and  stout.  Many  are  bril- 
liantly colored  and  range  in  size  from  less  than  a  millimeter  to  the  large 
bird-eating  spiders  of  South  America.  The  most  spectacular  develop- 
ment among  the  spiders  is  associated  with  their  production  of  silk  and 
web  building.  Some  build  large  symmetrical  webs  for  the  capture  of 
their  prey,  while  others  are  content  with  an  irregular  loose  pile  of  silk. 
One  group  of  spiders  even  uses  the  web  for  transportation.  The 
young  spiders  spin  a  short  thread  and  then  allow  the  currents  of  wind 
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to  carry  them  to  a  new  destination.  The  trap-door  spiders  build  web- 
hned  tubes  in  the  earth,  some  with  an  efficient  closing  door.  One  group 
of  spiders,  the  bolas  spiders,  catches  prey  by  means  of  a  miniature  bola, 
which  is  a  thread  with  a  sticky  mass  at  its  end.  This  is  thrown  at  some 
unwary  insect  which  flies  within  range.  In  all  cases,  the  prey  when 
caught  by  the  spider  is  quickly  killed  by  the  poison  from  the  poison 
glands,  and  the  body  juices  are  sucked. 

Complex  behavior  patterns  often  precede  the  actual  transfer  of 
the  sperm  from  the  male  to  the  female.  In  various  ways,  the  sperm  is 
transferred  to  the  palpal  organ  of  the  male.  It  is  then  transferred  directly 
to  the  epig}'num  of  the  female  in  some  forms ;  in  others,  the  female  must 
pick  it  up.  Often  the  female  kills  the  male  after  mating.  The  eggs  are 
usually  encased  within  a  cocoon  which  may  be  deposited,  hung  on  a  web 
or  twig,  or  simply  carried  about  by  the  female.  Development  is  direct 
with  miniatures  of  the  adults  emerging  from  the  eggs. 

Other  Arachnida. — In  addition  to  the  numerous  conspicuous  and 
often  colorful  spiders,  there  are  many  other  important  arachnids,  some 
of  which  are  of  great  economic  significance. 

The  scorpions  (order  Scorpionida)  are  found  throughout  the 
southern  United  States  and  are  particularly  abundant  in  the  southwest. 
They  are  easily  recognized  by  their  long,  conspicuously  segmented  abdo- 
men which  is  elongated  posteriorly  and  which  terminates  in  a  sting. 
This  elongated  portion  of  the  abdomen  is  carried  arched  above  the  body. 
Connected  to  the  sting  is  a  poison  gland  by  which  the  animal's  prey 
is  killed.  The  poison  of  all  species  is  irritating  to  human  beings  and  a 
few  species  are  actually  dangerous.  The  poison  is  a  neurotoxin  which 
may  be  fatal  to  children.  The  pedipalps  terminate  in  pincers  or  chelae 
by  which  the  prey  are  grasped.  The  young  are  born  alive  and  climb 
on  the  back  of  the  mother  where  they  remain  until  after  the  first  molt. 
The  scorpions  feed  on  insects  and  other  small  invertebrates. 

The  pseudoscorpions  (order  of  Pseudoscorpionida)  are  small  forms 
which  superficially  resemble  scorpions  in  their  possession  of  enlarged 
chelate  pedipalps ;  however,  they  have  no  elongated  abdomen  or  sting. 
Like  the  spiders,  they  possess  silk  glands  by  which  they  can  spin  webs ; 
but  these  glands  are  not  homologous  with  the  silk  glands  of  the  spiders. 
Although  these  animals  are  quite  abundant,  their  small  size  makes  them 
relatively  inconspicuous.  Occasionally  they  are  found  in  houses,  but 
more  often  they  are  found  under  logs  or  stones  or  in  leaf  mold.  Their 
prey  commonly  consists  of  mites  or  other  tiny  arthropods. 
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The  whip  scorpions  (order  Pedipalpi)  although  large  like  the  scor- 
pions are  quite  distinctive  in  appearance.  Their  heavy  pedipalps  do  not 
end  in  pincers  as  do  those  of  the  scorpions  but  have  numerous  heavy 
spines  used  for  grasping  prey.  The  first  pair  of  legs  is  elongated  into 
slender  tactile  organs.  There  are  two  distinctive  groups :  the  members 
of  one  have  a  long  caudal  appendage  while  those  of  the  other  have 
shorter  abdomens  and  lack  the  tail.  Those  forms  with  the  long  tails  are 
commonly  called  vinegeroons  due  to  the  presence  of  glands  at  the  base 
of  the  tail  which  emit  an  odor  like  that  of  acetic  acid.  This  large  animal 
(some  3  inches  in  length)  is  greatly  feared  by  the  uninformed,  but  is 
actually  totally  harmless  inasmuch  as  it  has  no  poison  glands.  The 
tailless  whip  scorpions  are  quite  flattened  and  are  usually  found  under 
rocks  and  in  caves.    Several  species  occur  in  the  southern  United  States. 

The  ivind  scorpions  or  siin  spiders  (order  Solpugida)  are  rather 
formidable  appearing,  though  harmless,  animals.  They  are  distinguished 
by  their  enlarged  chelicerae  and  their  hairy  elongate  legs.  They  run 
rapidly,  hence  the  name  "wind  scorpions."  They  hide  under  stones 
during  the  day  and  search  for  prey  during  the  night.  The  chelicerae  are 
used  to  grasp  and  tear  their  prey  which  consists  of  smaller  arthropods. 
They  are  abundant  in  the  arid  regions  of  the  southwest  but  also  occur 
in  the  northern  and  western  states. 

The  daddy  longlegs  or  harvestmen  (order  Opiliones)  are  familiar 
forms  which  become  particularly  abundant  during  the  fall  of  the  year 
in  the  northern  states.  The  cephalothorax  and  abdomen  are  immoveably 
fused.  The  most  abundant  harvestmen  are  the  forms  with  the 
small  bodies  and  tremendously  elongate  slender  legs.  In  the  southern 
United  States  and  in  the  tropics,  other  members  of  the  order  have 
shortened  legs  and  often  have  bizarrely  spined  and  colored  bodies.  They 
are  omniverous  in  their  habits  and  often  become  tremendously  abundant. 

The  mites  and  ticks  (order  Acarina)  are  small  rounded  forms  with 
shortened  legs.  These  are  the  most  numerous  of  all  the  arachnid  groups 
in  numbers  of  individuals.  Many  are  free-living,  others  are  parasitic, 
and  some  live  on  plant  juices.  Due  to  their  abundance  and  varied  habits, 
they  constitute  the  most  economically  important  group  of  the  arachnids. 
The  cephalothorax  and  abdomen  are  fused  as  in  the  opiliones,  but  the 
segmentation  of  the  abdomen  is  obscured.  Numerous  species  are  free- 
living  in  the  leaf  mold  and  feed  on  smaller  organisms  or  on  plant  ma- 
terials. The  parasitic  forms  are  found  in  a  great  number  of  places  in- 
cluding the  hair  follicles  of  mammals  and  the  tracheal  tubes  of  bees. 
Many  are  important  as  transmitters  of  diseases  such  as  tsutsugamushi 
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Fig.  171. — Arachnids  and  related  forms,  a,  A  pycnogonid  or  sea  spider;  b,  a 
solupugid;  c,  an  opilionid;  d,  a  pseudoscorpion,  e,  a  scorpion;  /,  a  centipede;  g,  a 
linguatulid  or  tongue  worm;  h,  a  tardigrade  or  water  bear  i,  a  symphylid;  j,  a  pauro- 
pod,  k,  a  whip  scorpion;  I,  a  tick,  Dermacentor;  m,  a  millipede;  n,  female  black  widow 
spider  Latrodectus,  ventral  view;  o,  the  itch  mite,  Sarcoptes. 
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fever  or  scrub  typhus  in  the  Orient.  Among  human  pests  can  be 
counted  the  itch  mite,  Sarcoptes  scabei,  which  Hves  in  the  hair  folHcles. 
A  related  species  causes  mange  in  dogs,  hogs,  and  other  mammals.  Many 
mites  attack  plants  and  do  much  damage.  The  commonest  of  these  is  the 
so-called  red  spider. 

One  group  of  this  order,  the  ticks,  are  small  rounded  forms  that 
are  capable  of  engorging  blood  from  their  victims.  Many  species  attack 
man  and  his  domesticated  animals.  The  common  dog  tick,  Dermacentor 
variabilis  or  D.  occidentalis,  is  very  often  seen ;  these  are  vectors  of  Rocky 
Mountain  spotted  fever.  Other  members  of  this  genus  such  as  D. 
andersoni  also  transmit  this  disease.  Texas  cattle  fever  is  transmitted 
by  the  tick  Margaropus  annulatus. 

In  the  life  history  of  these  animals,  the  young  pass  through  a  six- 
legged  stage  unique  among  the  arachnids.  In  this  stage,  the  chigger, 
the  larva  of  a  trombiculid  mite,  burrows  into  the  skin  of  man  and  causes 
much  local  irritation. 

THE  CLASS  DIPLOPODA 

The  members  of  this  class  are  the  familiar  millipedes  which  have 
many  segmented,  often  cylindrical  bodies.  The  body  consists  of  the 
head,  short  thorax,  and  many-segmented  abdomen.  Most  of  the  seg- 
ments of  the  body  bear  two  pairs  of  legs.  The  head  has  paired  antennae, 
jaws,  maxillae,  and  two  groups  of  simple  eyes.  The  genital  openings 
are  near  the  anterior  portion  of  the  body,  and  the  male  possesses  special 
gonopods  for  transference  of  the  sperm.  Respiration  is  by  tracheae,  and 
excretion  is  by  Malpighian  tubules.  Some  possess  a  series  of  scent 
glands  which  secret  an  irritating  substance ;  a  few  large  tropical  forms 
are  able  to  eject  this  for  a  considerable  distance.  Although  they  have 
many  legs,  they  are  in  general  slow-moving  forms  which  curl  into  tight 
balls  when  irritated.  Most  are  inhabitants  of  the  leaf  mold  and  perhaps 
play  an  important  role  in  changing  leaves  and  other  organic  debris  into 
soil.    A  few,  however,  become  pests  in  greenhouses. 

The  eggs  are  laid  in  the  soil  and  hatch  into  a  six-segmented  larva 
with  three  pairs  of  legs.  By  successive  molts,  new  segments  and  legs 
are  added. 

THE  CLASS  CHILOPODA 

In  contrast  to  the  millipedes,  the  members  of  this  class,  the  centi- 
pedes, are  rapidly  moving  forms.    They  have  elongate,  flattened,  many- 
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segmented  bodies  with  but  a  single  pair  of  legs  on  most  segments.  The 
body  consists  only  of  the  head  and  the  many-segmented  abdomen.  The 
head  bears  antennae,  paired  mandibles,  and  two  pairs  of  maxillae.  Res- 
piration is  by  tracheae  and  excretion  is  by  Malpighian  tubules.  The 
sexes  are  separate,  and  the  genital  openings  are  near  the  posterior  end. 
The  first  body  segment  bears  a  pair  of  poison  glands  by  which  prey  is 
killed.  In  general,  this  poison  is  innocuous  to  human  beings,  but  that 
of  some  large  tropical  forms  may  cause  painful  wounds.  Scutigera 
forceps  is  the  common  house  centipede  and  may  often  be  seen  running 
rapidly  with  its  fifteen  pairs  of  legs.  It  feeds  on  flies  and  other  small 
arthropods  and  is  completely  harmless. 


CHAPTER  27 

THE  CLASS  INSECTA 


Of  the  classes  of  Arthropods,  the  insects  are  the  most  diverse  and 
widespread.  More  than  700,000  species  have  been  described  and  prob- 
ably as  many  more  remain  undescribed.  Members  of  the  class  have 
invaded  nearly  all  possible  terrestrial  habitats,  with  forms  occurring 
from  the  coldest  regions  of  the  world  to  the  tropics.  Species  have 
successfully  occupied  the  desert  environment  as  well  as  the  moist  rain 
forests.  Many  species  live  in  fresh  waters,  and  some  have  evolved 
special  apparatuses  to  live  beneath  the  surface.  Although  a  few  species 
live  on  the  surface  of  the  ocean  and  a  few  others  in  the  intertidal  zone, 
there  has  been  no  real  development  of  marine  forms. 

Economically  this  class  contains  some  of  the  most  important  of  the 
invertebrates.  Some  forms  such  as  the  bees  are  indispensible  in  the 
pollination  of  many  fruits ;  others  are  important  in  the  control  of  pests. 
The  honey  and  wax  of  the  bee  are  useful  products  throughout  the 
world ;  the  culture  of  the  silkworm  is  an  important  industry  in  many 
countries.  In  some  areas  grasshoppers  and  beetle  larvae  are  actually 
an  article  of  food.  In  addition,  it  is  always  interesting  to  speculate  upon 
the  number  of  people  who  are  employed  for  the  control  and  study  of  in- 
sects. 

On  the  less  desirable  side,  some  insects  are  important  parasites, 
such  as  the  bot  fly  whose  larvae  burrow  through  the  hides  of  cattle. 
Many  mosquitoes  are  important  vectors  of  diseases  such  as  malaria  and 
filariasis.  Bacterial  infections  may  be  spread  by  the  common  housefly. 
The  trypanosomes  are  carried  by  a  fly  in  Africa  and  by  a  biting  bug 
in  the  New  World.  Many  of  man's  cereal  crops  are  attacked  by  a  host 
of  dififerent  insects.  Other  crops  have  other  pests :  the  cotton  boll 
weevil,  tomato  worms,  cabbage  moths,  etc.  Textiles  are  often  at- 
tacked by  various  species  of  moth  and  beetle  larvae. 

With  the  tremendous  number  of  species,  great  diversity  of  form, 
structure,  physiology,  and  habit  is  found  among  the  insects.     Never- 
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theless  there   is  a  certain   fundamental   unity   of  structure   that   does 
place  these  many  forms  in  a  single  class. 

The  Characteristics  of  the  Glass. — The  bodies  of  all  insects  are 
divided  into  three  distinct  regions :  the  head,  thorax,  and  abdomen. 
Three  pairs  of  legs  are  present  on  the  thorax,  and  often  there  is  one 
or  two  pairs  of  wings.  The  mouth  parts  consists  of  the  labrmn,  the 
mandibles,  maxillae,  labium,  and  hypopharynx.  These  are  modified 
among  the  various  species  depending  upon  their  food  habits ;  at  times 
functional  mouth  parts  are  completely  absent  in  the  adult. 

The  complete  digestive  tract  is  divided  into  three  regions :  the 
foregut,  midgut,  and  hindgut.  The  foregut  is  divided  into  the  esopha- 
gus, the  large  crop  and  the  small  proventriculus.  The  proventriculus 
may  be  simply  a  valve,  or  a  gastric  mill  may  be  present.  The  midgut 
or  ventriculus  is  ordinarily  tubular  in  nature.  Fingerlike  diverticula, 
the  gastric  caeca,  arise  from  this  region.  The  hindgut  is  composed  of 
the  tubelike  anterior  intestine  and  an  enlarged  posterior  intestine  or 
rectum.  This  latter  connects  to  the  anus.  A  pair  of  salivary  glands  is 
present  in  the  region  of  the  ventriculus.  Their  ducts  empty  salivary  se- 
cretions into  the  mouth  cavity.  In  butterflies  and  moths,  these  glands 
secrete  the  silk  which  produces  the  cocoon ;  in  many  blood-sucking 
forms,  the  secretion  possesses  an  anticoagulant. 

The  circulatory  system  consists  of  a  small  tubular  dorsal  heart 
and  a  series  of  blood  sinuses.  The  blood  contains  various  amoebo- 
cytes  and  is  usually  colorless  or  greenish  or  yellowish.  Excretion  is 
principally  by  means  of  Malpighian  tubules.  Respiration  in  most  forms 
is  by  means  of  tracheal  tubes  which  ramify  throughout  the  body.  Some 
aquatic  forms  possess  gills.  The  nervous  system  is  of  the  typical 
arthropod  type  and  is  quite  similar  to  that  of  the  crustaceans  with  even 
more  coalescing  of  ganglia. 

As  a  group,  the  insects  are  well  supplied  with  sense  organs  of 
many  different  types.  The  head  bears  a  pair  of  jointed  antennae  with 
many  sensory  hairs.  These  are  usually  tactile  in  function,  but  may  per- 
form such  diverse  activities  as  tasting,  equilibrium,  and  even  hearing. 
The  head  also  has  a  pair  of  compound  eyes  as  well  as  varying  numbers 
of  simple  eyes.  The  sensitivity  to  taste  is  well  developed  and  may  be 
centered  in  the  hypopharynx,  palps,  or  even  the  tarsi  of  the  legs.  Many 
sensory  hairs  are  scattered  over  the  body  surface,  and  some  insects 
have  well-developed  auditory  organs.    Undoubtedly  others  possess  spe- 
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cial  senses  which  are  difficult  to  assess ;  for  instance,  some  seem  to  pos- 
sess a  humidity  sense  or  a  temperature  sense. 

Experimental  evidence  has  shown  that  many  activities  such  as  molt- 
ing, metamorphosis,  and  color  dispersion  are  controlled  by  endocrine 
glands.  Chief  of  the  glands  is  the  corpus  allatum  located  near  the  supra- 
esophageal  ganglia.  Other  masses  of  secretory  cells  have  been  demon- 
strated in  different  parts  of  the  insect  body,  but  their  function  is  not 
entirely  clear. 

The  sexes  are  separate,  and  fertilization  is  internal.  Often  there 
is  marked  sexual  dimorphism.  Among  a  few  forms,  parthenogenesis 
is  common.  In  the  aphids,  this  is  the  chief  method  of  reproduction 
during  the  summer.  The  eggs  contain  a  large  amount  of  yolk,  and 
often  are  bizarrely  decorated  with  sculpturings  of  various  sorts.  Char- 
acteristically there  are  two  coverings  to  the  eggs,  an  outer  tough  shell, 
the  chorion,  and  a  delicate  membrane,  the  vitelline  membrane,  sur- 
rounding the  cytoplasm.  Minute  pores,  micropyles,  are  present  in  the 
chorion.  In  the  early  stages,  only  the  nucleus  divides ;  these  are  scat- 
tered throughout  the  yolk.  Gradually  they  coalesce,  and  the  various 
germ  layers  are  formed.  The  postembryonic  development  varies  greatly 
among  the  members  of  the  different  orders.  In  some  there  is  virtually 
no  change  in  size  from  the  immature  form  to  the  adult ;  these  orders 
are  grouped  as  the  ametabola.  In  a  second  group,  there  is  a  partial 
change  in  size  and  relationships  of  body  structures  with  the  nymphal 
stage  closely  resembling  the  adult.  These  orders  are  known  as  the 
hemimetabola.  In  the  final  group  of  orders,  there  is  a  complete  change 
of  appearance  from  the  young  or  larval  stages  to  the  adult.  These  are 
the  holometabola.  In  their  life  history,  four  distinct  periods  of  de- 
velopment are  recognized  in  this  last  grovip :  the  egg,  larva,  pupa,  and 
adult.  This  represents  a  complete  metamorphosis  in  contrast  to  the 
partial  metamorphosis  of  the  hemimetabola  and  the  lack  of  metamorpho- 
sis in  the  ametabola. 

These  life  histories  are  subject  to  many  modifications.  Among  some 
flies  and  beetles,  the  larvae  themselves  are  able  to  reproduce.  This  is 
known  as  paedogenesis.  Some  of  the  parasitic  hymenoptera  have  eggs, 
each  of  which  is  able  to  develop  into  thousands  of  individuals  by  the 
process  termed  polyembryony. 

At  times  during  the  life  of  many  insects  there  are  periods  when 
the  activity  of  the  animal  is  suspended  temporarily.  This  may  occur 
at  any  time  and  is  known  as  the  diapause.     In  immature  stages,  there 
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is  a  cessation  of  growth  and  in  adults  a  stopping  of  sexual  activity. 
The  causative  factors  of  this  diapause  are  not  at  all  clear,  but  in  most 
cases,  it  is  heat,  dryness,  or  cold.  The  diapause  varies  in  its  duration 
and  usually  ceases  when  favorable  conditions  return.  Possibly  it  is 
under  the  control  of  endocrine  factors  which  are  not  at  all  clearly 
understood. 

THE  ANATOMY  OF  THE  GRASSHOPPER 

In  order  to  understand  more  details  of  the  anatomy  and  physiology 
of  insects,  the  grasshopper  has  been  selected  as  a  type  of  generalized 
insect.  The  grasshopper  belongs  to  the  order  Orthoptera  or  straight- 
winged  forms  which  have  an  incomplete  metamorphosis.  A  great  many 
species  of  grasshoppers  occur  throughout  the  world.     Many  are  of  con- 


Fig.  172. — Front  view  of  head  and  anterior  view  of  mouth  parts  of  the 
grasshopper,  Romalea  sp. 
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siderable  economic  importance  as  crop  destroyers.  The  one  which  is 
to  be  studied  in  detail  here  is  the  large  lubber  grasshopper  of  the  south- 
eastern United  States,  Romalea  sp. 

The  External  Anatomy  of  Romalea  sp. — The  external  an- 
atomy of  the  grasshopper  shows  many  features  highly  reminiscent  of 
the  crayfish.  The  body  is  covered  with  the  heavy  exoskeleton  of  chitin 
that  must  be  molted  at  intervals  as  the  animal  grows.  The  exoskeleton 
is  actually  composed  of  chitinized  plates,  the  sclerites,  which  are  sepa- 
rated by  softer  materials.  The  head  bears  a  number  of  sensory  struc- 
tures, including  the  jointed  antennae  with  sensory  hairs.  The  antennae 
are  chiefly  tactile  but  may  also  be  important  as  chemical  receptors.  There 
are  two  lateral  compound  eyes  constructed  on  the  same  pattern  as  the 
compound  eye  of  the  crayfish.  Three  simple  eyes,  or  ocelli,  are  also 
present :  one  in  the  median  portion  of  the  head  between  the  antennae, 
and  one  just  medial  to  each  large  compound  eye.  While  the  head 
sclerites  are  united,  certain  regions  are  evident.  The  dorsal  region 
is  known  as  the  vertex,  the  lateral  the  genae  or  cheeks,  and  the  anterior, 
the  jrons.  Ventral  to  the  frons  is  a  broad  plate,  the  clypeus,  and  ven- 
tral to  the  clypeus  are  the  mouth  parts.  These  are  of  the  chewing  type 
and  are  quite  generalized  in  structure.  They  consist  of  the  upper  lip 
or  labrum  fastened  to  the  clypeus,  two  lateral  jaws,  the  mandibles,  a 
pair  of  maxillae,  a  lower  lip  or  labium,  and  a  median  hypopharynx  or 
tongue.  Each  maxilla  consists  of  several  parts,  a  basal  portion,  the 
lacinin,  galea,  and  palp.  The  labium  consists  of  a  basal  submentum 
bearing  the  mentum  and  the  ligula  which  forms  the  lip,  and  a  pair  of 
sensory  palps. 

There  are  three  regions  in  the  thorax :  the  prothorax,  the  meso- 
thorax,  and  the  metathorax.  Each  of  these  regions  is  formed  of  four 
portions:  a  dorsal  tergum,  two  lateral  pleura  and  a  ventral  sternum. 
Both  the  tergum  and  pleura  are  formed  of  several  plates  fused  together. 
The  dorsal  part  of  the  prothorax  is  large  and  saddlelike,  extending 
dorsally  over  the  mesothorax  and  is  known  as  the  pronotum.  Each 
region  of  the  thorax  has  a  pair  of  legs,  with  each  consisting  of  several 
segments:  a  short  proximal  coxa,  an  even  shorter  trochanter,  a  jemur, 
tibia,  and  tarsus.  The  tibia  has  rows  of  spines,  and  the  tarsus  has  three 
small  segments,  with  the  proximal  bearing  four  pairs  of  ventral  pads 
and  the  distal  one  with  two  claws  and  a  pulvillus,  a  fleshy  structure. 
The  third  pair  of  legs  is  highly  modified  for  jumping  and  has  a  broad 
flat  femur  containing  many  muscles.     Two  pairs  of  wings  are  present 
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on  the  thorax.  The  forewings  are  tough  and  leathery  and  arise  from 
the  dorsal  part  of  the  mesothorax.  When  folded  back  at  rest,  they 
protect  the  broad  thin  hindwings  of  the  metathorax.  The  hindwings 
show  many  veins  which  originally  arose  as  tracheae  in  early  develop- 
ment. Just  dorsal  to  the  second  and  third  legs  is  a  spiracle  which  ad- 
mits air  to  the  tracheae. 
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Fig.  173. — Lateral  view  of  the  grasshopper,  Romalea  sp. 

The  abdomen  is  composed  of  eleven  segments,  each  also  consisting 
of  tergum,  pleura,  and  sternum.  The  first  segment  bears  on  its  lateral 
surface  the  large  tympanum  for  the  reception  of  sound  waves.  A 
series  of  eight  pairs  of  spiracles  are  on  the  lower  lateral  portion  of  the 
first  eight  abdominal  segments.  The  posterior  segments  are  modified 
for  reproduction.  There  is  a  dorsal,  keeled  anal  plate  covering  the  anus; 
laterally  there  is  a  small  triangular  podical  plate.  Projecting  between 
the  anterior  ends  of  the  podical  plate  and  the  anal  plate  on  each  side 
is  a  small  projection  or  cerciis.  A'entrally  the  terminal  segments  are 
different  in  the  two  sexes.  In  the  male  it  is  smooth  and  rounded,  while 
in  the  female  two  pairs  of  projections  form  the  ovipositor  for  the  depo- 
sition of  eggs. 

The  Internal  Anatomy  of  Romalea  sp. — The  digestive  tract 
is  divided  into  distinct  regions :  the  joregiit,  viidgut,  and  hindgut.  The 
pharynx,  the  esophagus,  the  crop,  and  the  provcntriculus  constitute  the 
foregut ;  the  ventriculus  and  the  gastric  caeca  are  the  midgut;  and  the 
intestine,  rectum,  and  anus  are  the  hindgut.    Ventral  to  the  crop  are  a 
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series  of  digestive  glands  whose  ducts  open  into  the  pharynx.  These 
are  known  as  salivary  glands  and  produce  the  brown  secretion  of  the 
grasshopper.  The  crop  opens  into  the  proventriculus  or  gizzard,  which 
has  relatively  heavy  muscular  walls.  At  the  region  where  the  gizzard 
joins  the  ventriculus  or  stomach,  the  digestive  tract  is  encircled  by 
eight  elongate,  double  gastric  caeca.     After  a  slight  constriction,  the 
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Fig.  174. — Internal  anatomy  cxf  the  female  grasshopper,  Romalea  sp.; 
dorsal  body  wall  removed. 


ventriculus  enters  the  intestine.  The  intestine  narrows  and  is  followed 
by  the  rectum  and  anus.  Digestion  of  foods  begins  in  the  mouth  with 
the  grinding  action  of  the  mandibles,  and  the  enzymes  of  the  salivary 
secretion.  The  food  is  temporarily  stored  in  the  crop  before  passing 
into  the  gizzard.     In  the  gizzard  digestion  is  continued  and  the  finely 
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ground  food  is  passed  on  into  the  stomach.  In  the  stomach  digestion  is 
probably  completed  with  the  aid  of  enzymes  secreted  by  the  gastric 
caeca.  Absorption  probably  occurs  in  the  stomach;  in  the  rectum,  ex- 
cess water  is  reabsorbed. 

At  the  constriction  where  the  stomach  and  large  intestine  join  are 
located  numerous  threadlike  Malpightan  tubules.  These  constitute  the 
excretory  system  of  the  grasshopper.  There  are  a  great  number  of 
these  tubules  which  extend  out  into  the  hemocoel.  The  distal  ends  are 
closed,  but  osmotic  pressures  remove  the  salts  and  uric  acid  from  the 
blood  of  the  hemocoel.  The  wastes  are  discharged  into  the  intestine 
to  pass  out  with  the  feces. 

From  the  paired  spiracle  openings  along  the  sides  of  the  abdomen 
and  thorax,  the  tracheae  lead  into  the  body.  These  tracheae  branch 
and  rebranch  into  tracheoles.  The  walls  of  the  tracheae  secrete  an 
inner  lining  of  chitin  which  is  cast  off  with  the  exoskeleton  during 
ecdysis.  The  principal  tracheal  tubes  have  spiral  threads  for  strengthen- 
ing of  the  walls.  Longitudinal  vessels  or  trunks  connect  the  spiracles 
and  provide  additional  air  passageways. 

The  movement  of  air  through  this  complex  of  tubules  is  not  a  pas- 
sive process.  It  is  actually  pumped  through  by  a  series  of  several 
bladderlike  structures  (air  sacs)  which  attach  to  points  on  the  tracheae 
near  the  spiracles.  During  inspiration,  the  four  anterior  ones  are 
opened  and  the  posterior  six  are  closed.  Air  thus  enters  through  the 
anterior  spiracles.  During  expiration,  the  anterior  four  close  and  the 
posterior  six  open.  Air  passes  out  through  the  posterior  spiracles. 
The  air  is  dissolved  in  liquid  present  in  the  ends  of  the  tracheoles. 

The  heart  is  a  slender  tubular  organ  which  lies  against  the  dorsal 
wall  of  the  abdominal  exoskeleton.  It  is  located  in  a  very  small 
pericardial  cavity.  In  the  heart  are  a  series  of  small  valves  or  osfia 
through  which  blood  enters.  As  the  heart  contracts,  it  forces  blood 
into  a  small  dorsal  aorta  which  passes  anteriorly  to  the  head.  Here 
the  blood  passes  into  the  hemocoel  and  circulates  through  the  body 
spaces,  finally  returning  to  the  pericardial  cavity.  The  blood  is  color- 
less, but  contains  some  amoebocytes  which  remove  foreign  bodies.  The 
blood  principally  acts  as  a  circulating  medium  for  food  and  wastes.  The 
much-branched  tracheal  system  takes  care  of  respiration. 

The  spaces  between  the  organs  are  largely  filled  with  a  mass  of 
cells,  the  fat  body,  which  is  important  in  the  storage  of  food.  This  is 
particularly  important  during  molting  periods  when  the  animal  can 
take  in  very  little  nourishment. 
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The  brain  of  the  grasshopper  is  dorsal  and  anterior  to  the  esopha- 
gus, and  is  composed  of  three  pairs  of  ganglia.  These  supraesopha- 
geal  ganglia  are  connected  by  two  connectives  which  pass  around  the 
esophagus  and  join  the  subesophageal  ganglia  which  is  also  formed  of 
three  pairs.  From  the  dorsal  ganglia,  nerves  pass  to  the  various  sense 
organs  of  the  head.  From  the  subesophageal  ganglia,  the  ventral  nerve 
cord  passes  to  the  posterior  part  of  the  abdomen.  On  the  double  ven- 
tral nerve  cord  are  located  paired  ganglia.  Each  segment  of  the  thorax 
contains  a  pair,  but  in  the  abdominal  region  there  are  but  five  gangli- 
onic pairs,  there  being  considerable  coalescing  of  elements.  From  these 
ganglia,  lateral  nerves  are  given  off  to  the  various  regions. 

The  grasshopper  has  an  autonomic  nervous  system  which  controls 
the  visceral  activities.  There  are  two  portions  to  this:  one  supplies 
the  organs  of  the  anterior  region  and  arises  from  the  brain ;  the  other 
supplies  the  organs  of  the  posterior  region  and  arises  from  the  last  ab- 
dominal ganglion. 

The  grasshopper  is  well  supplied  with  sense  organs,  including  the 
compound  eyes  and  the  ocelli.  Tactile  hairs  are  present  on  the  an- 
tennae, the  legs,  and  on  various  parts  of  the  body.  Taste  receptors  are 
present  on  the  various  mouth  parts.  Olfactory  organs  are  found  on 
the  antennae.  Finally  there  is  the  device  for  receiving  sounds,  the 
tympanic  membrane  of  the  first  abdominal  segment. 

The  grasshopper  produces  sounds  by  rubbing  the  hind  femurs 
which  are  provided  with  minute  teeth  across  the  wing  veins.  This 
sets  the  wings  to  vibrating,  producing  the  typical  whirring  sound  which 
varies  with  the  species. 

In  some  ways,  the  most  highly  developed  system  of  the  insects  is 
the  reproductive  one.  Tremendous  numbers  of  eggs  are  produced  and 
at  times  the  population  rises  to  unbelievable  totals.  In  the  male,  the 
testes  are  located  dorsal  to  the  intestine.  Each  of  the  two  testes  is 
composed  of  a  large  number  of  slender  tubules.  These  tubules  or  fol- 
licles unite  to  form  the  vas  deferens  of  each  testis.  Each  vas  deferens 
widens  into  a  seminal  vesicle.  These  two  vasa  deferentia  join  to  form 
a  single  ejacidatory  duct  which  ends  in  the  penis  opening  ventral  to 
the  anus.  Where  the  two  vasa  deferentia  unite,  there  is  an  accessory 
gland  from  each  side. 

In  the  female,  the  paired  ovaries  are  located  dorsally  and  at  times  ap- 
pear to  occupy  the  whole  dorsal  part  of  the  animal.  Each  ovary  is 
composed  of  masses  of  tubes  or  ovarioles,  where  the  eggs  are  pro- 
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duced.  The  ovarioles  unite  at  their  bases  to  form  the  oviduct.  The 
oviducts  from  each  side  join  to  form  the  median  vagina.  At  the  base 
of  the  ovary,  the  oviduct  has  a  pocketHke  enlargement,  the  egg  pouch. 
Opening  into  the  vagina  are  paired  accessory  glands  and  a  median 
unpaired  seminal  receptacle.  The  sperm  received  during  copulation  are 
stored  in  the  seminal  receptacle.  The  vagina  opens  at  the  ovipositor 
near  the  ventral  egg  guide.  This  latter  is  a  structure  which  guides  the 
eggs  during  their  passage  through  the  ovipositor. 

Fertilization  is  internal,  and  usually  occurs  during  late  summer 
or  early  fall.  As  the  eggs  are  produced  in  the  ovary,  they  are  sur- 
rounded by  a  thin  vitelline  membrane  and  a  heavy  shell,  the  chorion. 
The  chorion  contains  a  micropyle  through  which  the  sperm  enters  for 
fertilization.  The  female  deposits  the  eggs  in  the  ground  by  using  her 
ovipositor  to  construct  a  small  tunnel.  Masses  of  eggs  are  fastened 
together  by  a  sticky  secretion. 

Immediately  after  being  laid,  development  starts  in  the  eggs. 
After  about  three  weeks  when  the  embryo  is  formed,  the  diapause 
occurs.  During  this  time,  further  development  stops,  enabling  the 
embryo  to  overwinter  in  safety.  In  the  spring,  development  is  resumed 
and  the  young  hatch  and  come  to  the  surface.  Several  molts  follow 
before  the  adult  form  is  attained. 

STRUCTURAL  VARIATIONS 

Inasmuch  as  insects  live  in  so  many  and  such  varied  habitats,  it 
is  to  be  expected  that  they  will  show  a  great  variety  of  structural  adap- 
tations to  meet  the  varying  environmental  requirements.  These  vari- 
ous modifications  may  be  seen  in  both  the  external  and  internal  struc- 
tures, but  are  most  evident  in  the  mouth  parts  and  in  the  appendages. 

The  Mouth  Parts. — While  the  mouth  parts  of  the  grasshopper 
are  very  generalized  in  their  structure,  other  insects  show  amazing 
modifications  of  this  basic  type.  The  three  main  elements  of  the  in- 
sect's mouth  parts  are  the  mandibles,  maxillae,  and  labium.  Also 
closely  associated  with  the  mouth  parts  is  the  hypopharynx  which  is 
an  unsegmented  outgrowth  of  the  body  wall  and  usually  forms  a  pro- 
truding tube.  These  parts  are  variously  modified  in  the  different  in- 
sects, depending  upon  the  food  habits.  Fundamentally  these  parts  are 
derived  from  a  type  of  biramous  appendage  similar  to  the  swimmeret 
of  the  crayfish. 
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There  are  six  main  types  of  mouth  parts  which  are  as  follows 

1.  Chewing  type. 

2.  Cutting-sponging  type. 

3.  Sponging  type. 

4.  Chewing-lapping  type. 

5.  Piercing-sucking  type. 

6.  Siphoning  tube  type. 


RARAGLOSSA^ 


-MAXILLAUr 
PALP 


. LABBUM- 

EPIPHARYNX 


L.MANOIBUE 


-LABRUM- 

EPIPHABYNX 


Fig.  175. — Various  types  of  insect  mouth  parts.  A,  Chewing-lapping  type  of  the 
honeybee;  B,  piercing-sucking  type  of  the  female  mosquito;  C,  siphoning  type  of 
the  butterfly;  D,  cutting-sponging  type  of  the  black  fly;  E,  sponging  type  of  the 
housefly.      (Modified  from  various  sources.) 

The  chezmng  mouth  parts  are  best  illustrated  by  the  grasshopper 
and  are  also  found  in  the  larvae  of  butterflies,  moths,  some  beetles,  and 
a  few  bees.  In  this  type,  the  heavy  mandibles  have  serrate  edges  which 
cut  the  food  and  grind  it  into  smaller  particles.     The  maxillae  and 
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labium  manipulate  the  food  into  the  buccal  cavity  and  esophagus.  This 
is  a  generalized  type  of  mouth  part  construction  from  which  the  other 
more  specialized  kinds  develop. 

The  cutting-sponging  type  of  mouth  parts  is  best  illustrated  by 
that  of  the  horsefly.  In  this,  both  the  mandibles  and  maxillae  are 
modified  for  cutting  and  breaking  the  tough  skin  of  a  mammal.  The 
mandibles  are  modified  into  long,  sharp  blades  and  the  maxillae  are 
long  and  probing,  while  the  labium  is  spongelike  in  its  development 
for  picking  up  the  blood  after  the  epidermis  is  cut.  From  the  labium, 
the  blood  is  carried  to  the  hypopharynx.  The  hypopharynx  together 
with  another  structure,  the  epipharynx,  forms  a  tube.  Through  this 
tube,  blood  is  carried  to  the  esophagus  by  suction. 

The  sponging  type  of  mouth  parts  are  found  in  insects  such  as 
the  houseflies  which  are  dependent  for  their  food  supply  on  either  semi- 
liquid  foods  or  those  that  are  easily  soluble  in  its  salivary  secretions. 
In  this  type,  the  mandibles  and  maxillae  do  not  function  and  are  not 
prolonged.  The  hypopharynx,  the  epipharynx,  and  the  labium  are 
modified  into  an  elongated  proboscis  whose  apex  is  spongelike.  This 
apex  is  known  as  the  lobelia  and  its  surface  has  very  small  capillary-like 
channels  through  which  the  liquified  food  is  transferred  to  the  central 
food  canal.  This  food  canal  is  formed  by  the  interlocking  of  the  epi- 
pharynx and  hypopharynx.     The  tube  leads  directly  to  the  esophagus. 

The  honey  bee  has  the  chezving-lapping  type  of  mouth  parts,  a 
type  which  is  especially  adapted  for  taking  up  liquid  foods.  The  man- 
dible and  labrum  are  scarcely  modified  from  those  of  the  grasshopper 
and  are  chiefly  used  for  molding  wax,  while  the  maxillae  and  labium 
are  developed  into  a  number  of  flattened,  elongate  structures.  One 
of  these,  the  glossa,  is  a  channeled  extensile  organ.  Closely  fitting 
to  the  glossa  are  other  elongated  flaps  formed  by  the  maxillae  and  labium. 
This  arrangement  forms  a  series  of  channels  down  which  saliva  may 
flow  or  the  food  may  be  drawn  up.  The  elongate  glossa  may  be  thrust 
deep  into  a  flower  to  extract  the  nectar.  The  exact  manner  in  which 
liquids  pass  up  these  mouth  parts  is  subject  to  some  debate. 

The  piercing-sucking  type  of  mouth  parts  is  found  in  many  diverse 
groups  of  insects  and  is  especially  well  adapted  to  types  which  must 
pierce  some  comparatively  heavy  material  and  then  suck  up  the  contents 
thus  reached.  Economically  important  forms  such  as  the  aphids,  leaf- 
hoppers,  scale  insects,  and  cicadas  which  suck  juices  from  plants  as 
well  as  the  noxious  mosquitoes,  bedbugs,  fleas,  and  lice  all  have  this  type 
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of  mouth  parts.  Essentially  the  mouth  part  is  a  hollow  needle  formed 
by  the  intimate  fusion  of  the  labium,  mandible,  maxillae,  and  at  times 
the  hypopharynx,  each  of  which  is  very  elongate  and  slender.  The  la- 
bium is  heavy  and  forms  a  sheath  for  the  strengthening  of  the  needle. 
All  of  this  complex  structure  together  forms  the  "beak"  which  is  in- 
serted into  the  victim,  be  it  plant  or  animal,  and  the  juices  are  then 
sucked  up  through  the  hollow  needle. 

The  siphoning  type  of  mouth  parts  is  found  only  in  the  adults  of 
butterflies  and  moths.  In  this,  all  the  parts  are  much  reduced  except  a 
portion  of  each  maxilla  which  is  very  elongated  and  united  to  form  a 
long,  coiled  tube  which  can  be  extended.  Through  this  tube,  nectar  is 
sucked  into  the  esophagus. 

Legs. — Although  they  are  not  so  highly  variable  as  are  the  mouth 
parts,  the  legs  of  insects  do  show  some  specialization.  In  general, 
they  are  comparatively  simple  and  adapted  for  walking.  Some  are, 
however,  modified  for  other  uses.  These  include  the  greatly  enlarged 
third  legs  of  the  grasshopper  for  jumping,  the  grasping  forelegs  of  the 
praying  mantis,  the  swimming  legs  of  the  water  boatman,  the  legs 
of  bees  which  are  equipped  with  baskets  for  carrying  pollen,  and  the 
digging  front  legs  of  the  mole  cricket. 

Wings. — The  design  of  the  insect's  wing  is  basically  very  simple. 
It  is  but  a  double  flaplike  extension  of  the  body  wall  with  supporting 
fibers  or  veins  between.  The  variations  in  structure  are  to  be  found 
chiefly  in  the  vein  arrangement  and  in  the  texture  of  the  wing  itself. 
Some  wing  modifications  include  the  heavy  outer  wings  of  the  beetles, 
the  scaled  wings  of  moths  and  butterflies,  and  the  leathery  outer  wings 
of  locusts  and  grasshoppers.  An  extreme  wing  modification  is  seen 
in  the  flies  where  the  hind  pair  of  wings  are  reduced  to  tiny  projections, 
hulteres,  which  serve  as  balancing  organs. 

Sense  Organs. — Much  of  the  success  of  the  insects  as  a  group  can 
be  attributed  to  their  excellent  sense  organs.  Most  forms  are  well  sup- 
plied with  such  receptors  as  eyes,  tactile  organs,  and  chemoreceptors. 

Many  insects  possess  both  simple  and  compound  eyes.  The  com- 
pound eye,  as  mentioned  previously,  forms  a  mosaic  image  which  is 
of  value  in  detecting  moving  objects.  The  simple  eyes  apparently  func- 
tion only  for  the  reception  of  light.  Not  only  can  insects  perceive 
colors,  but  some  have  even  been  demonstrated  to  be  able  to  respond 
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to  the  polarization  of  light.  It  has  been  shown  that  bees  are  able  to  find 
their  way  by  responding  to  the  polarization  of  the  sun's  rays. 

Tactile  organs  are  chiefly  small,  innervated  hairs  which  are  scat- 
tered all  over  the  body  surface  and  usually  concentrated  on  the  antennae. 

Chemoreceptors  seem  to  be  located  chiefly  on  the  antennae,  and 
they  play  a  very  important  role  in  the  life  of  the  insect.  Many  rely 
upon  this  sense  to  discover  mates,  food,  and  places  to  lay  eggs.  Among 
some  moths,  the  female  possesses  special  scent  glands  by  which  the 
males  may  be  attracted  from  long  distances.  Other  chemoreceptors  are 
located  in  various  areas  of  the  insect  body :  butterflies,  for  example, 
have  taste  receptors  in  their  tarsi. 

HABIT  VARIATIONS 

Even  more  striking  than  the  structural  variations  are  the  many 
diverse  habits  which  are  found  among  the  insects.  These  habits  range 
from  the  apparent  aimless  wanderings  of  some  insects  in  search  of  food 
and  mates  to  the  complex  insect  societies  as  represented  by  the  social 
insects.  No  matter  how  highly  evolved  such  behavior  patterns  may  be, 
they  represent  an  inherited  pattern  which  in  most  cases  is  rigidly  fixed. 
Many  of  the  more  successful  insect  societies  simply  fail  to  survive 
when  any  factor  of  the  environment  is  altered. 

Parasitic  Insects. — While  the  vast  majority  of  insects  are  free- 
living,  many  parasitic  forms  are  known.  The  degree  of  parasitism  varies 
from  those  which  are  parasitic  throughout  their  entire  life  cycle  to  those 
which  depend  upon  parasitism  for  a  portion  of  their  development. 
Among  the  first  are  such  ectoparasites  as  fleas  or  lice.  These  highly 
modified  insects  live  among  the  hairs  of  mammals  or  the  feathers  of 
birds  and  feed  on  blood  or  portions  of  the  skin. 

Among  those  insects  which  are  parasitic  only  for  a  portion  of  the 
life  cycle  are  the  chalcid  wasps.  The  larval  forms  of  these  insects 
develop  within  the  tissues  of  the  larvae  of  other  insects.  Eventually 
they  consume  the  entire  host,  but  the  adult  of  these  parasitic  forms  is 
a  free-living  animal.  Even  more  specialized  in  this  same  type  of 
parasitism  is  the  digger  wasp.  The  adult  female  of  Discolia  duhia,  for 
example,  digs  through  the  soil  until  it  encounters  a  white  beetle  grub. 
It  quickly  paralyzes  this  victim  by  stinging  it,  and  then  deposits  a  single 
egg.  This  tgg  soon  hatches  into  a  larva  which  starts  consuming  the 
paralyzed  grub.  Within  a  few  wrecks,  the  wasp  larva  has  finished  its 
meal  and  forms  a  pupal  case  in  which  it  overwinters. 
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Social  Insects. — Most  species  of  insects  live  solitary  existences, 
coming  together  with  other  members  of  their  species  only  for  purposes 
of  mating  or  hibernation.  At  the  other  extreme  are  those  social  insects 
which  live  in  permanent  well-organized  colonies.  Between  these  two 
extremes  are  many  transitional  forms ;  so  the  distinction  between  solitary 
and  social  insects  is  not  always  clear-cut. 

The  best  examples  of  the  social  insects  not  only  live  together  in  a 
complex  organization,  but  also  have  a  division  of  labor  with  special 
forms  doing  special  tasks. 

The  termites  are  an  excellent  example  of  an  insect  with  a  highly 
developed  social  organization.  Termite  colonies  are  found  in  hollowed- 
out  wood  or  in  structures  formed  of  masticated  cellulose.  At  times 
winged  sexual  individuals  may  be  seen  emerging  from  these  colonies. 
These  flights  soon  terminate  when  the  individuals  encounter  a  new  spot 
suitable  for  establishing  a  fresh  colony.  The  wings  fall  off,  and  the  paired 
males  and  females  mate.  Soon  both  members  of  each  pair  are  busily 
excavating  a  small  hollow  for  their  new  nest.  The  female  then  lays  the 
eggs  and  feeds  the  young  with  her  own  secretions.  Very  shortly,  the 
nymphs  are  able  to  fend  for  themselves  and  feed  not  only  themselves 
but  their  parents  as  well.  The  parents  then  retire  from  all  duties  ex- 
cept those  of  reproduction,  and  are  called  (by  entomologists)  the 
royal  pair.  As  the  colony  develops,  only  wingless  individuals  are 
at  first  produced.  These  are  of  three  types  or  casts :  the  small  workers 
which  feed  the  young  and  other  castes  by  regurgitation  of  the  food 
they  eat,  the  soldier  caste  which  has  large  heads  and  powerful  mandibles 
for  protection  of  the  colony,  and  finally  the  substitute  reproductive 
caste.  These  latter  can  become  reproductive  if  the  royal  pair  dies. 
The  nonreproductive  castes  are  both  males  and  females,  but  their  repro- 
ductive organs  are  nonfunctional.  In  some  species  of  termites,  there  is 
no  soldier  caste,  but  there  is  a  special  caste  known  as  the  nasutes.  These 
are  able  to  produce  a  drop  of  liquid  which  may  be  useful  for  repelling 
invaders.  These  members  of  the  nasutes  caste  have  very  peculiar  pointed 
heads  and  are  easily  recognized.  This  head  is  a  sort  of  squirt-gun 
arrangement  for  extrusion  of  this  repelling  liquid. 

At  times,  the  royal  pair  produces  winged  forms  which  fly  out  of 
the  colony  to  establish  new  nests.  Fertilization  of  the  queen  by  the 
male  occurs  at  short  intervals.  Six  thousand  to  7,000  eggs  may  be  laid 
in  a  twenty-four-hour  period  by  the  queen  of  a  large  termite  colony. 
This  production  rate  may  be  maintained  for  many  years.    As  the  queen 
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has  such  a  greatly  enlarged  abdomen,  she  is  unable  to  care  for  either 
herself  or  the  eggs.    This  is  all  done  by  the  workers. 

The  royal  pair  are  constantly  groomed  by  the  workers  and  secre- 
tions from  them  are  eaten.  It  has  been  suggested  that  these  secretions 
may  have  some  influence  over  the  production  of  various  castes.  During 
molts,  the  important  symbiotic  flagellates  of  the  intestinal  tract  are 
lost.  Without  these,  the  nutrition  of  the  colony  would  suff'er ;  however, 
provision  is  made  for  their  replacement  in  the  individual's  intestine  by 
the  fact  that  the  termites  consume  each  other's  intestinal  secretions. 
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Fig.   176. — Castes  and   life   iiistory   of   termites   of  the  order  Isoptera. 
(From  Beaver:      The  Science  of  Biology.) 


The  social  organization  of  the  ant  colony  is  similar  to  that  of 
the  termite  colony  with  a  few  exceptions.  One  mating  suffices  for  the 
lifetime  of  the  queen,  and  the  male  dies.  Another  difference  arises 
from  the  fact  that  the  ant  has  a  longer  period  .of  development  than 
the  termite.  Thus  the  queen  must  give  care  to  the  young  for  a  more 
prolonged  time.  During  this,  the  degenerating  wing  muscles  of  the 
queen  are  used  as  a  source  of  food  for  the  developing  young.  This 
first  brood  is  all  workers,  and  it  soon  takes  over  the  care  of  the  queen 
and  the  new  young.  The  final  ant  colony  consists  of  workers,  soldiers, 
larvae,  and  the  queen.  The  workers  and  soldiers  are  sterile.  Exchange 
of  food  occurs  among  the  various  castes,  and  body  exudates  are  con- 
sumed. It  has  been  suggested  that  these  exudates  contain  hormones 
which  influence  the  development  of  the  individuals. 
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In  the  tropical  regions  of  the  world,  many  other  interesting  ants 
are  common.  One  of  the  most  astonishing  of  these  is  the  army  ant 
of  the  New  World  which  periodically  goes  on  raids  in  search  of  insect 
prey.  They  scour  the  forest  floor,  destroying  everything  that  comes 
in  their  line  of  march.  The  umbrella  ants  gather  leaves  on  which  a 
fungus  is  grown  deep  in  their  nesting  sites.  This  fungus  is  used  for  the 
nutrition  of  the  colony.  One  ant,  Polyergus,  has  its  workers  make 
periodic  slave  raids  on  colonies  of  another  genus.  The  workers  of 
Polyergus  die  if  deprived  of  their  slaves.  One  slave  is  able  to  keep 
ten  slavemakers.  Through  many  parts  of  the  world,  aphids  and  other 
insects  are  reared  by  the  ants  for  their  secretions. 

Probably  the  most  familiar  of  the  social  insects  is  the  honey  bee 
{Apis  mellijera).  Much  is  known  of  its  life  and  habits  for  it  has  been 
reared  since  early  times  for  its  honey  and  wax.  In  the  honeybee  col- 
onies, combs  of  wax  are  produced ;  some  of  these  are  used  for  the  de- 
velopment of  the  larvae,  while  others  are  used  for  the  storage  of  honey 
to  be  eaten  during  cold  weather.  By  metabolizing  this  stored  food,  the 
workers  are  able  to  keep  the  colony  warm  during  periods  of  freezing. 

The  organization  of  the  honeybee  colony  varies  somewhat  from 
those  described  above.  There  are  three  different  types  of  individuals 
in  the  colony :  the  workers,  the  drones  or  males,  and  the  queen.  The 
drones  or  males  develop  from  unfertilized  eggs.  They  have  the  func- 
tion of  building  the  colony,  caring  for  the  young,  protecting  the  colony, 
and  obtaining  food.  The  queen  is  the  fertilized  female  which  produces 
the  eggs.  While  both  the  queen  and  the  workers  are  produced  from 
fertilized  eggs,  those  eggs  destined  to  be  queens  are  placed  in  special 
cells  and  the  larvae  are  fed  "royal  jelly"  during  their  development. 
Royal  jelly  is  a  secretion  from  the  glands  of  the  worker's  heads. 
Those  eggs  destined  to  become  workers  are  placed  in  smaller  cells,  and 
the  larvae  are  fed  royal  jelly  at  first,  and  later  receive  nectar.  This 
represents  a  very  striking  example  of  nutritional  control  of  sexual  de- 
velopment. Queens  can  be  produced  at  will  by  the  workers,  but  are 
produced  more  often  as  the  present  queen  ages  and  the  colony  becomes 
crowded.  Usually  the  old  queen  accompanied  by  many  workers  swarms 
out  of  the  hive  and  moves  to  a  new  location.  The  new  queen  left 
behind  has  a  nuptial  flight  in  which  she  is  fertilized  by  a  drone.  This 
single  fertilization  lasts  through  the  life  of  the  queen  bee.  Upon  re- 
turning to  the  hive,  she  stings  any  other  queen  bees  to  death  and  starts 
producing  new  young.     It  should  be  noted  here  that  the  queen  does  not 
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start  the  new  colony  alone,  but  must  be  accompanied  by  worker  bees. 
This  is  different  from  the  other  social  insects. 

Much  work  has  been  done  recently  on  communication  in  bees. 
Returning  workers  appear  to  be  able  to  tell  their  fellow  workers  the 
direction  and  distance  of  food  by  various  dances  and  movements. 

The  bees  also  have  another  remarkable  ability  found  in  no  other 
insects.  They  control  the  temperature  of  the  hive.  In  summer,  the 
workers  stand  at  the  entrance  of  the  hive  and  vibrate  the  wings  rapidly 
to  maintain  air  movements.  In  winter  the  temperature  of  the  hive  is 
raised  by  their  metabolic  activity. 

Many  biologists  consider  these  social  colonies  as  representing  what 
is  known  as  a  "superorganism."  Thus  the  workers  constitute  the  "di- 
gestive tract,"  the  royal  pair  or  queen  the  "reproductive  system,"  and 
the  soldiers,  the  "bodies'  defense."  Of  course,  this  is  an  analogy,  and  not 
strictly  true,  but  it  does  emphasize  the  interdependence  of  the  indi- 
viduals of  the  colony. 

ECONOMIC  RELATIONSHIPS  OF  INSECTS 

Insects  are  impressive  as  a  group  not  only  through  their  sheer 
force  of  numbers  but  also  because  of  their  actual  importance  in  our  lives. 
Many  are  beneficial  while  others  are  distinctly  harmful  due  to  their 
competition  with  man  for  food,  and  also  for  their  role  as  vectors  of  im- 
portant diseases. 

Among  the  beneficial  insects  is  the  familiar  honeybee.  Since  man's 
early  history,  this  insect  has  been  a  domesticated  form,  important  for 
the  production  of  honey  and  wax.  The  silkworm,  Bomhyx  mori,  has 
also  played  a  major  role  in  the  economy  of  some  countries.  Lac  insects 
are  an  important  source  of  shellac.  Many  bees  and  other  insects  are 
important  as  poUinizers  of  food  plants;  without  this  activity  many 
fruits  could  not  be  produced.  Other  insects  play  an  important  role  for 
the  control  of  injurious  species.  Most  famous  of  these  is  the  ladybird 
beetle  which  feeds  on  the  scale  insects  that  attack  fruit  trees. 

Many  of  the  most  notorious  of  the  harmful  insects  are  those  that 
feed  on  our  crop  plants.  They  do  several  billion  dollars  worth  of  damage 
annually  in  destroying  crops,  forests,  and  stored  grains.  Among  the 
crop  destroyers  are  the  European  corn  borer,  the  Japanese  beetle,  the 
cotton  boll  weevil,  the  potato  beetle,  the  leaf  hoppers,  and  a  host  of 
others.  Other  insects  are  pests  of  domestic  animals.  These  include 
the  horsefly,  the  warble  fly,  and  the  biting  lice.     Housefiies,  mosquitoes, 
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body  lice,  fleas,  and  the  tsetse  fly  all  transmit  human  diseases.  It  is 
generally  believed  that  the  houseflies  may  spread  the  bacteria  of  diseases 
such  as  diarrhea  or  typhoid ;  mosquitoes  transmit  yellow  fever,  malaria 
and  filariasis ;  body  lice  transmit  typhus ;  flea,  bubonic  plague ;  and  the 
tsetse  fly,  sleeping  sickness. 

Other  insects  are  household  pests :  carpet  beetles  and  clothes 
moths  are  found  in  homes.  The  omniverous  cockroach,  although  domg 
no  great  harm,  is  always  an  unwelcome  guest.  Small  beetles  (Tribo- 
lium  sp.)  often  destroy  flour;  silverfish  may  eat  starchy  materials. 
Among  the  worst  of  all  the  household  pests  are  the  bedbugs.  While 
they  carry  no  diseases,  they  make  life  unpleasant  for  the  hopeful  sleeper. 

Vast  numbers  of  workers  are  engaged  in  the  never-ending  battle 
against  these  legions  of  insect  pests.  Economic  entomology  is  an  im- 
portant phase  of  the  study  of  the  insects. 

IMPORTANT  ORDERS  OF  INSECTS 

The  vast  number  of  insects  is  divided  into  more  than  thirty  differ- 
ent orders.  Many  of  these  contain  important  and  familiar  representa- 
tives ;  others  are  not  so  important  to  the  general  student.  In  the  fol- 
lowing list  of  orders,  some  of  the  important  ones  are  briefly  discussed. 

Class  Insecta.     Arthropods  with  three  pairs  of  legs,  various  types  of  mouth 

parts,  usually  with  wings,  excretion  by  Malpighian  tubules. 
Subclass    Myrientomata.     Wingless    insects    with    elongate    bodies,    with   no 

metamorphosis,  no  antennae. 

Order  1.    Protura.    Small  slender  forms    (0.5  to  2  mm.)    with  chewing 
mouth  parts,  first  pair  of  legs  tactile.     Segments  added  to  body  at 
each  molt.     Dwell  in  leaf  mold.     About  90  species. 
Subclass  Oligoentoma.     Insects  with  no  obvious  metamorphosis.     Antennae 

well  developed,  only  six  segments  to  abdomen,  no  definite  genitalia,  lack 

Malpighian  tubules. 

Order  1.  Collembola  (Springtails).  Small  wingless  insects,  antennae 
and  legs  well  developed;  mouth  parts  of  chewing  type.  Abdomen 
usually  with  a  ventral  jumping  organ.  No  metamorphosis.  Found 
in  moist  places  such  as  leaf  mold,  surface  of  water,  and  snow. 
A  few  attack  vegetable  crops.  About  2,000  species. 
Subclass  Euentoma.     Includes   majority  of  insects.     Nine   or   ten   segments 

to  body,  typical  characteristics  of  the  class. 

Group   Apterygota.     Wingless   forms.      Metamorphosis    not    conspicuous. 

Order  1.  Thysamira  (Silverfish,  Bristletails,  Firebrats).  Soft-bodied 
forms,  long  segmented  antennae,  distinct  cerci,  and  long  caudal 
filament.  Outdoor  forms  feed  on  humus;  domestic  forms  feed  on 
starch,  cause  damage  to  books  and  clothing.    About  600  species. 
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XVII  CorrodeWtia  f 


I  Thysanura 


Annelid-like  ancestor 


■•       VII  Ephemerida 


Fig.  177. — Representative  insects.  The  lines  suggest  possible  relationsliips. 
The  figures  are  not  to  scale.  (From:  Hegner  and  Stiles;  College  Zoology,  1951, 
with  permission  from  The  Macmillan  Company.) 
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Order  2.    Diplura   (Campodeids  and  Japygids).     Wingless  blind,  slender, 
small  forms.     Long  antennae,   pair  of  conspicuous  cerci  at  posterior 
end  which  are  either  segmented  or  forcepslike.     Metamorphosis  in- 
conspicuous.    Occur  under  leaves,  etc.,  in  moist  areas.     Of  no  eco- 
nomic  importance;    about    100   species. 
Group  Pterygota.  Winged  forms.     Varied  forms  in  this  group. 
Series   Hemimetabola.     Metamorphosis   gradual   or   incomplete. 
Order  1.    Ephemeroptera   (Mayflies).     Aquatic  nymphs  which  when  ma- 
ture rise  to  the  surface,  and  emerge  as  winged  forms.     Adults  short- 
lived, eat  no  solid  foods,  emerge  in  tremendous  swarms  during  which 
mating  occurs.     Of  great  economic  importance  as  a  food  for  fish  in 
fresh  waters;  about  1,300  species. 
Order    2.    Odonafa    (Dragonflies   and  Damsel   Flies).     Nymphs   aquatic, 
but  do  not   swim;   instead  walk  on  bottom.     Nymphal   development 
takes  from  one  to  four  years.     When  mature,   crawl  to  a  stick  or 
other  object  for  last  molt.     Both  adults  and  nymphs  are  predaceous. 
Important  as  fish  food  and  for  destruction  of  various  insects ;  about 
4,500  species. 
Order    3.    Orthoptcra     (Cockroaches,    Grasshoppers,     Mantids,    Walking 
Sticks,    Crickets,    Grouse    Locusts,    Mole    Crickets).     Winged    forms 
with  two  pairs  of  net -veined  wings;  others  lacking  wings.     Chewing 
mouth  parts,  many  forms  omniverous.     Many  of  great  economic  im- 
portance, including  cockroaches  as  pests  in  dwellings,  grasshoppers  for 
their  destruction  of  crops,   mantids   for  their   destruction   of  harmful 
insects  ;  about  23,000  species. 
Order  4.      Dennaptera   (Earwigs).     Medium-sized  insects  with  a  pair  of 
heavy  forceps  at  the  posterior  portion  of  the  abdomen.  Mouth  parts 
chewing,  wings  at  times  lacking ;  if  present,  fir,st  pair  heavy,  veinless ; 
second  pair  fan-shaped.     Chiefly  tropical  forms  with  a  few  northern 
species.     One  species,  the  European  earwig    (Forficida   auricularia) 
is  destructive  to  many  flowers.     About  1,100  species. 
Order  5.    PIccopfera   (Stone  Flies).     Medium-sized  insects   with  aquatic 
nymphs.     With  chewing  mouth   parts,   long  antennae,   both   pairs   of 
wings  well  developed,  nearly  always  present.     1,500  species. 
Order  6.    I  so  pt  era  (Termites,  White  Ants).     Social  insects,  with  several 
castes,    feed    on    cellulose.      Of    great    economic    importance    due    to 
their  destruction  of  wood  in  buildings.     1,600  species. 
Order    7.    Corrodentla    (Psocids).      Very    small    terrestrial    forms    with 
chewing  mouth  parts.    Some  with  well-developed  wings ;  in  others  they 
are   much   reduced   or   absent.      Many   of   economic   importance    due 
to   waste   of   food   and    damage    to    libraries.      Mainly    they    feed   on 
molds,  lichens,  etc.    1,100  species. 
Order  8.    Mallophaga    (Bird   Lice,    Chewing   Lice).      Small   to   medium, 
wingless,  flattened  insects;  ectoparasites  of  birds  and  mammals,  with 
chewing  mouth  parts,   short  antennae.     A   single   species   usually  oc- 
curs only  on  one  species  of  host.     Feed  on  scaly  skin,  bits  of  hairs 
and  feathers,  blood,  etc.     Eggs  glued  to  hair  or  feathers.     Of  great 
economic  importance   as   ectoparasites.     About   2,500   known    species. 
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Order  9.    Thysanoptera  (Thrips).    Elongate,  small  forms,  many  wingless, 
others  with   short   wings   or   well-developed   ones.      Mouth   parts    fit 
together  to  form  a  cone.     Other  parts  form  a  needlelike  stylet.     Of 
economic  importance  due  to  their  destruction  of  leaves  and   flowers. 
About   3,000    described    species,    with    possibly    an    equal    number    of 
undescribed  forms. 
Order  10.    Anoplura   (Sucking  Lice).     Flattened,   wingless,   sluggish  in- 
sects.    Mouth   parts   modified   forming  a   retractile,   piercing-sucking 
structure.      Short    antennae.      This    group    includes    the    crab    louse, 
body  louse  or  cootie,  and  the  true  lice.    Of  great  economic  importance 
due  to  transmission  of  diseases  such  as  typhus  fever,  trench  fever, 
relapsing  fever.     One  form  is  able  to  transmit  tularemia  from  rabbits 
to  man.     The  social  significance  of  this  order  has  been  explored  in 
literature.    About  250  species. 
Order  11.    Hemiptera    (True  Bugs).     Recognizable  by  basal  portion   of 
front  wing  being  hard,  mouth  parts  in  form  of  beak.     About  55,0(X) 
known  species. 

Suborder  Heteroptera  (Water  Boatmen,  Backswimmers,  Giant 
Water  Bugs,  Bedbugs,  Plant  Bugs,  Chinch  Bugs,  Stink  Bugs). 
Forms  varying  in  size  from  small  to  large.  Nymphs  similar  in 
appearance  to  adults.  Many  of  great  economic  importance  due 
to  destruction  of  food  crops;  others  such  as  bedbugs  may  be 
pests  in  dwellings,  while  still  another  predatory  species  is  an 
important  natural  enemy  of  the  Colorado  potato  beetle. 
Suborder  Homoptera  (Cicadas,  Leaf  Hoppers,  Aphids,  Scale  In- 
sects, etc.).  Many  of  great  economic  importance  due  to  de- 
struction of  food  plants. 
Series   Holometabola.      Forms  having  a  complete  metamorphosis:     egg, 

larva,  pupa,  and  adult  in  life  history. 
Order  L    Neuroptera  (Lacewings,  Ant  Lions,  Mantispids).     Adults  very 
small,   usually  having  two   pairs  of  clear   wings,   larvae  most   often 
terrestrial  and  predaceous.     About  4.000  species. 
Order  2.      Megaloptera   (Dobson  Flies  and  Alder  Flies).     Large  insects 
with  aquatic  larvae  and  terrestrial  pupae.    With  long  antennae,  chew- 
ing mouth  parts,  large  eyes,  two  pairs  of  wings  which  are  of  similar 
texture.     Larvae  predaceous,  known  as  hellgrammites,  used  for   fish 
bait.     About  500  species. 
Order  3.    Hymcnoptera   (Sawflies,  Ichneumons,  Ants,  Bees,  and  Wasps). 
Mouth   parts   of   chewing   type   or   modified   for    lapping    or    sucking. 
Base  of  abdomen  usually  constricted.  A  very  large  group  with  many 
varied  forms.    Many  such  as  the  bees  and  ants  with  social  organization 
and  castes.     Of  great  economic  importance:     bees  for  production  of 
honey   and   pollination   of   plants,    parasitic   forms   for    destruction    of 
other   insects.     At   least    120,000   species,   with   many    small    parasitic 
forms  which  are  undescribed. 
Order    4.    Coleoptera   (Beetles  and  Weevils).     Aduhs  usually  with  two 
pairs  of  wings.     The  first  pair  is  hard,  shell-like,  and  folded  over  the 
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back,  forming  a  heavy  wing  cover.  The  second  pair  is  membranous 
and  used  for  flying.  The  bodies  of  most  are  hard  and  compact. 
Mouth  parts  chewing,  size  highly  variable.  Many  of  great  economic 
importance  due  to  destruction  of  food  plants ;  others  such  as  the 
carpet  beetle  destroy  fabrics.  This  order  contains  about  40  per  cent 
of  known  insects  and  numbers  at  least  250,000  species. 

Order  5.  Trichoptera  (Caddis  Flies).  Mothlike  forms  with  aquatic 
larvae  and  pupae.  Chewing  mouth  parts  with  reduced  parts.  Adults 
with  two  pairs  of  membranous  wings,  long  filamentous  antennae. 
Larvae  build  cases  of  small  stones,  sand,  or  bits  of  other  materials. 
Important  as  an  article  of  diet  for  fish  in  fresh-water  streams  and 
lakes.    About  4,450  species. 

Order  6.  Lepidoptera  (Moths  and  Butterflies).  Adults  with  two  pairs 
of  wings  with  scales  (except  for  a  few  forms)  ;  adult  mouth  parts 
usually  much  reduced,  of  the  siphoning  tube  type.  Many  with  bril- 
liantly patterned  wings.  Economically  this  order  has  many  im- 
portant forms  whose  larvae  feed  on  crop  plants,  trees,  bushes,  etc., 
and  on  fabrics.  The  silkworm  has  long  been  important  as  a  source 
of  silk.    About  112,000  described  species. 

Order  7.  Dipt  era  (Flies,  Mosquitoes,  etc.).  Typically  the  adults  have 
but  a  single  pair  of  transparent  wings ;  mouth  parts  vary  in  type, 
body  form  likewise  variable.  Economically  one  of  the  most  impor- 
tant group  due  to  their  transmission  of  diseases.  The  parasitic  larvae 
of  some  (the  bots)  cause  much  damage  to  cattle.  The  fruit  fly 
(Drosophila  sp.)  has  been  one  of  the  most  important  forms  in  the 
study  of  genetics.  There  are  some  85,000  described  species,  but 
undoubtedly  many  forms  are  unknown. 

Order  8.  Siphonaptera  (Fleas).  Adults  wingless  with  stout  spiny  legs 
and  short  antennae.  Mouth  parts  are  piercing-sucking  type.  Most 
species  small.  Feed  on  the  blood  of  mammals  and  birds.  The 
eggs  are  laid  either  on  the  host  or  simply  dropped  in  the  nest.  It  is 
very  difficult  to  find  the  eggs,  larvae,  or  pupae;  economically  very 
important  as  pests  of  man  and  his  domestic  animals.  Bubonic 
plague  is  transmitted  from  rats  to  man  by  the  rat  flea.  1,100  species 
are  known,  but  the  number  of  individuals  in  a  single  infection  may 
be  tremendous. 


CHAPTER  28 

THE  PHYLUM  ECHINODERMATA  AND 
RELATED  GROUPS 


Like  both  the  arthropods  and  moUuscs,  the  echinoderms  are  a 
highly  successful  group ;  however,  unlike  the  members  of  these  two 
phyla,  the  success  of  the  echinoderms  is  confined  to  the  marine  habitat. 
None  has  successfully  invaded  either  fresh  water  or  the  land. 

The  body  plan  of  the  echinoderms  is  totally  unlike  that  of  any  of 
the  other  higher  invertebrates.  The  adult  is  radially  symmetrical  and 
gives  no  clue  as  to  the  true  relationships  of  this  phylum.  The  larvae, 
however,  are  quite  unlike  the  adults  and  show  that  the  echinoderms  are 
bilaterally  symmetrical  animals  which  have  secondarily  become  radially 
symmetrical.  Further  studies  of  the  embryology  of  these  echinoderms 
show  that  they  are  unrelated  to  the  annelids,  molluscs,  and  arthro- 
pods, rather  their  relationships  are  with  the  chordates. 

The  skeletons  of  the  echinoderms  are  familiar  objects  to  the  bi- 
ologically minded  beachcomber.  Starfishes  of  many  forms  and  color, 
sand  dollars,  sea  urchins — all  are  left  stranded  on  the  sands  and  in 
tide  pools  by  the  receding  tides.  Many  of  the  starfishes  are  among 
the  most  colorful  of  the  marine  animals;  particularly  brilliant  are  the 
multicolored  starfishes  and  serpent  stars  of  the  subtropical  waters.  The 
long-spined  sea  urchins  add  color  to  the  tropical  tide  pools,  while 
the  sand  dollars  and  sea  cucumbers  can  be  found  in  abundance  in  the 
shallow  waters.  Not  only  are  the  echinoderms  abundant  in  shallow 
waters,  but  they  also  occur  at  the  greatest  depths.  Although  there  are 
some  5,000  known  species  living  today,  they  were  even  more  abundant 
and  varied  in  the  seas  of  former  geologic  eras. 

Perhaps  a  large  part  of  the  success  of  this  phylum  can  be  attrib- 
uted to  their  possession  of  a  heavy  calcareous  skeleton  covered  with  a 
thin  epithelium.  Most  members  of  the  phylum  have  numerous  projec- 
tions and  spines  from  which  the  name  of  the  phylum  is  derived. 
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Characteristics  of  the  Phylum. — The  radial  symmetry  is  the 
most  noticeable  feature  of  the  members  of  this  phylum.  Actually  this 
symmetry  is  somewhat  marred  by  the  presence  of  a  special  sieve  plate, 
the  madreporite,  on  the  upper  surface.  Most  of  the  echinoderms  show 
a  pentamerous  arrangement  of  parts ;  that  is,  most  starfish  have  five 
arms,  the  body  of  the  sea  urchin  is  divisible  into  five  parts,  and  there 
are  five  well-marked  areas  on  the  upper  surface  of  the  sand  dollar. 

The  independent  development  of  the  echinoderms  is  further  evi- 
denced by  their  complete  lack  of  segmentation  or  cephalization.  In  spite 
of  these  presumed  handicaps,  the  protective  device  of  their  skeleton 
and  their  special  habits  have  enabled  them  to  be  successful. 

Like  many  other  animals  with  an  organ  grade  of  construction 
the  echinoderms  have  three  germ  layers  and  a  true  coelom.  The  meso- 
derm, however,  arises  as  outpocketings  from  the  roof  of  the  archen- 
teron  in  a  manner  identical  with  that  of  the  vertebrates ;  thus  is  revealed 
the  relationship  of  these  forms  to  the  vertebrate  stock.  As  a  result,  the 
coelom  is  formed  between  the  layers  of  the  mesoderm  and  is  a  true 
enterocoel  rather  than  a  schizocoel.  In  the  adult  echinoderm,  the  vis- 
ceral organs  are  contained  within  the  coelom.  Again  like  the  vertebrates, 
the  mouth  arises  as  a  new  structure,  while  the  anus  develops  from  the 
embryonic  blastopore.  Further  cleavage  is  indeterminate,  that  is, 
isolated  blastomeres  have  the  potentialities  of  developing  into  any  part 
of  the  future  organism. 

The  echinoderm  body  is  protected  by  a  skeleton  made  up  of  a  series 
of  calcareous  plates.  These  individual  plates  allow  for  great  flexibility. 
Actually  it  is  an  endoskeleton  derived  from  mesoderm  and  is  covered  by 
a  thin  ciliated  epithelium.  The  cilia  are  of  service  in  preventing  sessile 
animals  such  as  bryozoans,  sponges,  or  coelenterates  from  settling  on 
the  surface  and  making  an  additional  load  for  the  echinoderm  to  carry 
about.  In  addition,  the  starfishes  and  sea  urchins  possess  small  pincerlike 
structures,  pedicellariae,  which  are  scattered  over  the  upper  surface. 
These  remove  small  grains  of  sand  and  other  tiny  pieces  of  debris. 

All  classes  but  the  brittle  stars  have  a  complete  digestive  tract 
with  the  anus  opening  on  the  surface  opposite  to  the  mouth.  Inasmuch 
as  the  orientation  of  the  echinoderm  body  varies  from  that  of  other 
animals,  the  use  of  dorsal  and  ventral  does  not  apply.  The  surface 
containing  the  mouth  is  known  as  the  oral  and  the  opposite  one  is  the 
aboral.  In  most  forms,  the  digestive  system  lacks  glands  but  possesses 
large  diverticula. 
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The  ivater  vascular  system  is  a  unique  feature  of  the  members  of 
this  phylum.  This  is  a  series  of  tubes  filled  with  fluid  and  connected  to 
numerous  tiny  ambulatory  structures,  the  tube  feet.  The  water  enters 
this  system  through  the  madreporite  on  the  aboral  surface.  The  madre- 
porite  is  connected  by  the  stone  canal  to  a  ring  canal  around  the  mouth. 
From  the  ring  canal,  other  passageways  carry  the  fluid  to  the  rows  of 
tube  feet.  In  the  starfish,  the  tube  feet  are  arranged  in  rows  along 
the' oral  surface  of  the  arms.  These  rows  are  in  grooves  known  as  the 
ambula^ral  grooves.  In  other  echinoderms,  the  arrangement  differs 
slightly  due  to  the  difference  of  body  form,  but  is  essentially  the  same. 
Each  tiny  tube  foot  is  a  complex  organ  consisting  of  a  saclike 
ampulla  at  one  end,  a  hollow  connecting  tube,  and  a  tiny  sucker  disc  at 
the  other  end.  When  fluid  is  forced  from  the  ampulla  by  contraction 
into  the  distal  portion  of  the  tube  foot,  the  sucker  disc  expands  and 
flattens  against  any  surface.  When  the  fluid  is  withdrawn,  the  disc  is 
flaccid.  Because  there  are  so  many  of  these  tube  feet,  the  echinoderms 
are  able  to  exert  great  force. 

The  circulatory  system  is  poorly  developed  among  the  echinoderms. 
There  is  a  ring  canal  above  the  mouth  with  various  radial  canals  ex- 
tending out  from  it.  There  is  no  central  heart  and  only  coelomic  fluid 
circulates  in  the  vessels.  These  fluids  contain  amoebocytes.  Respira- 
tion is  carried  on  in  various  ways.  Among  some  the  coelomic  fluid  is 
exposed  through  special  structures  to  the  oxygen-laden  sea  water; 
among  others  the  water  is  brought  into  special  respiratory  devices. 
Among  the  first  group  are  the  dermal  branchiae  of  the  starfish  which  are 
tiny  outpouchings  of  the  body  cavity  exposed  through  openings  in  the 
skeleton.  Among  the  latter  type  is  the  respiratory  tree  of  the  sea  cu- 
cumber. There  is  no  special  excretory  system,  rather  waste  products 
are  excreted  by  the  amoebocytes  which  wander  to  the  gills  or  intestinal 
wall  and  unload  their  waste  materials. 

A  ring  around  the  mouth  with  radial  nerves  running  along  the 
ambulacral  grooves  constitutes  the  nervous  system.  Other  nerves 
branch  from  these  radial  nerves  to  the  tube  feet  and  other  parts  of  the 
body.  Under  the  epithelium  is  a  dense  network  of  nerves  which  seem 
to  originate  from  a  nerve  ring  around  the  anus.  There  are  few  sense 
organs  among  these  animals  although  they  do  respond  quickly  to 
changes  in  their  environment.  The  epithelium  appears  to  be  greatly 
sensitive  and  among  some  starfishes  there  are  light  sensitive  spots  at 
the  tips  of  the  arms.    Some  of  the  sea  cucumbers  have  statocysts. 
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With  very  few  exceptions,  the  echinoderms  have  separate  sexes. 
There  are  no  accessory  ducts,  glands,  or  receptacles  for  storage  of  eggs 
and  sperm.  The  gonads  develop  from  the  coelomic  walls,  and  the 
eggs  and  sperm  are  shed  directly  into  the  sea  water.  Almost  all  have  a 
bilaterally  symmetrical  free-swimming  larva,  the  dipleurula  (Fig.  181). 
The  detailed  structure  of  the  larva  differs  in  the  various  classes. 

The  powers  of  regeneration  of  most  members  of  this  phylum  are 
quite  astonishing.  In  fact,  this  ability  may  at  times  be  considered  a 
type  of  asexual  reproduction.  A  starfish  cut  in  two  will  regenerate 
two  new  starfishes,  and  at  times  even  a  single  arm  may  regenerate  a 
complete  new  animal.  ^^, 

The  Classes  of  the  Echinodermata. — Among  living  echinoderms, 
there  are  five  recognized  classes. 

Class  I.  Asteroidea.  Body  usually  in  five  parts,  arms  flexible,  numbering 
from  5  to  50,  not  sharply  separated  from  the  central  disc,  with  pedicellerae.  Ex- 
ample: starfish,  Asterias. 

Class  II.  Ophiuroidea.  Body  usually  in  five  parts,  arms  numbering  five, 
sharply  separated  from  the  central  disc,  flexible.  No  pedicellariae.  Example: 
brittle  star,  Ophiura;  basket  star,  Gorgonocephalus. 

Class  III.  Echinoidea.  Body  disc-shaped,  oval,  or  hemispherical,  without 
arms.  Body  skeletal  plates  forming  a  test  with  large  moveable  spines  and  pedi- 
cellariae. Examples:  sea  urchin,  Arhacia;  sand  dollar,  Echinarachnius ;  heart 
urchin,  Lovenia. 

Class  IV.  Holothurioidea.  Body  elongated,  wall  leathery  or  thin,  without 
pedicellariae,  skeleton  only  of  scattered  plates,  cloaca  with  respiratory  tree.  Ex- 
ample :  sea  cucumbers,  Holothuria,  Cucumaria. 

Class  V.  Crinoidea.  Stalked  forms,  with  branched  arms,  without  spines, 
pedicellariae,  or  madreporite.     Examples:     sea  lilies;  feather  star,  Antedon. 

THE  CLASS  ASTEROIDEA 

Even  to  the  inlander,  starfishes  are  well-known  animals.  Among 
the  1,100  or  so  species  of  this  class,  there  is  a  great  variety  of  color  and 
form.  Most  have  the  typical  five-armed  shape,  but  some  have  as  many 
as  50  arms,  others  as  few  as  4.  In  color,  they  vary  from  dull  brown 
to  bright  oranges,  reds,  and  purples ;  many  are  marked  with  lines  and 
patches  of  various  colors.  Certainly  they  form  one  of  the  most  colorful 
and  interesting  groups  of  animals  along  the  seashore. 

The  Anatomy  of  Asterias  forbesi. — The  anatomy  of  this  species 
is  typical  of  that  of  the  group.  The  living  specimens  show  a  great 
variety  of  colors  varying  from  cream  or  pink  to  orange  or  purple;  in 
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preserved  specimens  such  as  are  studied  in  the  laboratory,  the  color  is 
usually  dull  orange.  In  the  manner  which  is  typical  of  this  class, 
the  arms  are  broadly  joined  to  the  central  disc.  The  two  arms  with 
the  madreporite  between  are  called  the  bivium;  the  remaining  three, 
the  trivium. 

The  mouth  is  located  in  the  central  portion  of  the  oral  surface. 
Around  the  mouth  are  five  groups  of  spines  or  papillae.  Radiating  from 
the  mouth  are  the  five  amhulacral  grooves,  each  in  the  center  of  one  of 
the  arms.  The  tube  jeet  are  arranged  in  rows  of  fours  within  these 
grooves.  In  the  living  specimens  the  movements  of  these  feet  are 
easily  seen. 


Fig.   178. — External  view  of  the  starfish,  Asterias.     A,  Aboral 
surface;   B,  oral  surface. 


The  aboral  surface  has  as  its  most  conspicuous  structure  the 
madreporite  or  sieve  plate.  In  the  living  specimen  this  is  bright  red, 
but  in  preserved  material  it  is  of  the  same  color  as  the  rest  of  the 
body.  On  this  surface  are  many  spines  which  project  from  the  skeleton. 
Among  them  are  located  tiny  papillae,  the  dermal  branchiae,  which  serve 
for  respiratory  exchange.  In  the  living  animals  these  resemble  a  fuzz 
over  the  aboral  surface  which  can  be  seen  to  expand  and  contract. 
Around  the  bases  of  the  spines  are  located  the  pincerlike  pedicellariae 
(Fig.  180).    In  the  center  of  the  aboral  disc  is  the  anus. 

The  entire  surface  of  the  animal  is  covered  with  ciliated  epidermis 
beneath  which  is  the  endoskeleton  composed  of  calcareous  plates  or 
ossicles.  The  skeleton  itself  is  composed  of  small  tube-shaped  ossicles 
which  are  in  a  leathery  body  covering.     Their  arrangement  is  such 
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that  great  flexibility  is  given  to  the  entire  body.  Beneath  the  skeleton 
is  the  large  coelom  containing  the  viscera.  The  coelom  is  lined  with 
ciliated  epithelium  and  filled  with  a  fluid  containing  many  amoebocytes. 
This  fluid  circulates  into  the  dermal  branchiae,  providing  a  means  for 
respiratory  exchange.  The  amoebocytes  pick  up  waste  materials  and 
also  eliminate  them  through  the  dermal  branchiae. 

A  portion  of  the  larval  coelom  develops  into  the  water-vascular 
system  of  the  adult.  The  water  enters  through  the  madreporite  on  the 
aboral  surface  and  passes  through  the  stone  canal  to  the  ring  canal 
which  surrounds  the  mouth.  From  the  ring  canal,  five  radial  canals 
extend  into  the  arms  along  the  ambulacral  grooves.  From  the  radial 
canal  of  each  arm  many  lateral  canals  extend  into  the  tube  feet.  One 
canal  goes  to  each  tube  foot  where  it  ends  in  the  ampulla.  Projecting 
inward  from  the  ring  canal  are  nine  very  small  vesicles,  Tiedemann's 
bodies,  which  apparently  produce  the  amoeboid  cells  of  the  water-vascular 
system. 


LATERAL  CANAL 


Fig.  179. — The  water-vascular  system  of  the  starfish,  diagrammatic.  (From 
Coe:  Echinoderms  of  Connecticut,  Connecticut  Geological  and  Natural  History 
Survey.) 

Another  part  of  the  coelom  gives  rise  to  the  much  reduced  circula- 
tory system  which  consists  only  of  small  vessels  around  the  mouth  and 
minute  vessels  radiating  to  the  arms,  canals  going  to  the  nerve  ring, 
a  pentagonal  sinus  on  the  aboral  disc,  and  five  pairs  of  genital  sinuses. 
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The  mouth  opens  into  a  narrow  esopJmgus,  which  in  turn  opens 
into  the  expanded  stomach.  The  stomach  has  two  portions :  the  sac- 
hke  cardiac  and  the  narrower  pyloric  which  are  separated  from  one 
another  by  a  constriction.  From  each  arm,  a  pair  of  large  hepatic 
caeca  which  secrete  powerful  proteolytic  enzymes  open  into  the  pyloric 
portion  of  the  stomach.  Extending  toward  the  aboral  surface  from  the 
pyloric  stomach  is  the  short  intestine  which  terminates  in  the  anus. 
Opening  into  the  intestine  is  the  pair  of  rectal  caeca. 


MAOREPORlTE 


Fig.   180. — Anatomy  of  the  starfish,  Asterias. 


Between  the  rows  of  tube  feet  in  a  single  arm  is  located  a  radial 
nerve.  These  fave  nerves  join  the  nerve  ring  in  the  mouth  area.  To- 
gether these  form  the  central  nervous  system.  Associated  with  this 
system  is  a  complex  nerve  plexus  which  is  under  the  whole  epithelium. 
Other  smaller  nerves  supply  the  tube  feet  and  ampullae  while  the  der- 
mal papillae,  spines,  and  pedicellariae  are  supplied  by  the  epithelial 
plexus.    At  the  tip  of  each  arm  is  a  light-sensory  area,  the  eyespot. 

The  sexes  are  separate,  with  the  gonads  lying  in  each  arm  and 
opening  to  the  aboral  surface  by  a  very  small  duct. 

The  Life  History  of  A.  forbesi. — -Ripe  gonads  can  be  found  in 
this  species  during  the  spring  and  early  summer  months.  The  eggs 
and  sperm  are  shed  directly  into  the  water  and  fertilization  and  develop- 
ment follow.  Cleavage  is  regular  and  holoblastic,  proceeding  through 
the  typical  blastula,  gastrula,  and  mesoderm  formation.  As  the  ani- 
mal continues  its  development,  ciliated  bands  develop  on  the  outer 
surface  and  serve  for  locomotion.  This  larva  gradually  develops  three 
lobes  on  each  side  of  the  body,  producing  the  hipinnaria  larval  stage 
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(Fig.  181,^).  This  larva  then  changes  by  the  elongation  and  cilia- 
tion  of  the  lobes  to  form  the  brachiolaria.  After  several  weeks  (six 
or  seven)  the  larva  settles  on  the  bottom,  the  posterior  end  enlarges, 
bends  to  the  left,  and  five  lobes  form.  These  form  on  the  right  side 
and  become  the  aboral  surface  of  the  adult  starfish  while  the  left  side 
becomes  the  oral  surface. 

The  Biology   of  A.   forbesi. — This   species   is  found   along  the 

entire  eastern  seashore,  ranging  from  Maine  to  the  Gulf  of  Mexico, 

from  shallow  areas  to  a  depth  of  some  50  meters.  They  are  most 
commonly  found  in  rocky  areas. 

Economically  this  form  may  be  considered  of  some  importance 
due  to  its  destruction  of  oysters.  When  this  starfish  attacks  a  mollusc, 
it  arches  its  body  over  the  shell  and  by  the  concerted  action  of  the  tube 
feet  forces  the  clam  to  open.  The  tube  feet  may  be  aided  in  this  action 
by  paralyzing  secretions.  The  starfish  is  able  to  evert  the  cardiac  por- 
tion of  its  stomach  when  feeding. 

The  starfish  can  move  in  any  direction  and  can  reverse  its  direc- 
tion without  the  necessity  of  turning  around.  The  small  suction  discs 
of  the  tube  feet  attach  the  animal  to  a  substrate  and  pull  it  forward. 
They  work  synchronously,  with  some  relaxing  while  others  contract. 
If  turned  over,  the  starfish  can  right  itself  by  attaching  the  tube  feet 
at  the  tip  of  one  or  two  arms  and  gradually  pulling  itself  over. 

Possibly  the  tube  feet  at  the  ends  of  the  arms  also  perform  some 
sensory  functions.  If  small  portions  of  clam  meat  are  placed  in  an 
aquarium  with  the  starfish,  it  will  quickly  move  toward  them  and  con- 
sume them. 

Some  starfish  exert  rather  startling  effects  on  their  would-be  prey. 
If  Asterias  is  placed  near  a  scallop,  the  scallop  will  flap  away  rapidly 
in  a  hasty  retreat.  One  species  that  feeds  on  sand  dollars  will  cause 
the  immediate  burrowing  of  these  latter  forms  simply  by  passing  near 
them. 

The  powers  of  regeneration  of  the  starfish  are  very  remarkable  for 
such  a  highly  developed  animal.  A  single  arm  may  regenerate  a 
complete  animal.  Some  species  actually  seem  to  separate  and  by  re- 
generation supplement  their  sexual  reproduction  by  asexual  means. 
At  one  time,  the  oyster  fishermen  hired  men  to  go  along  on  oyster 
fishing  expeditions.  These  men  had  the  task  of  "destroying"  starfish 
by  chopping  them   into   small  pieces   which   were   then   thrown   over- 
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board.  No  doubt  this  helped  the  starfish  population  considerably.  The 
harm  done  to  the  oyster  beds  was  certainly  not  decreased  by  this  prac- 
tice.   Now  more  effective  control  methods  are  utilized. 

THE  CLASS  OPHIUROIDEA 

Although  the  members  of  this  class,  the  serpent  stars  or  brittle 
stars  (Fig.  183, d),  are  probably  as  abundant  along  the  seashore  as 
are  the  familiar  starfish,  they  are  not  seen  so  frequently.  This  is  due 
to  their  more  secretive  habits :  they  live  under  rocks,  inside  sponges, 
and  at  times  burrowed  in  the  mud.  They  usually  do  their  feeding  at 
night. 

Unlike  the  true  starfish,  the  arms  are  narrowly  joined  to  the 
central  disc  and  are  even  more  easily  broken  off  and  regenerated.  All 
the  visceral  organs  are  within  the  central  disc,  and  the  slender  snake- 
like arms  have  only  a  small  coelom,  a  nerve  cord,  a  passageway  for  the 
water-vascular  system,  and  a  small  hemal  space.  Within  the  arms  are 
articulated  ossicles  which  allow  great  freedom  of  movement.  The  di- 
gestive system  consists  only  of  the  mouth  and  saclike  stomach.  There 
is  no  intestine  or  anus,  and  undigestible  materials  are  cast  out  through 
the  mouth.  The  madreporite  is  on  the  oral  surface,  and  the  tube  feet 
are  of  but  limited  use  in  locomotion,  rather  they  are  sensory  in  function. 

The  brittle  stars  are  able  to  swim  about  by  using  the  arms  as 
propelling  organs.  More  often  they  move  about  the  bottom  by  grasp- 
ing objects  and  pushing  themselves  forward  or  by  sort  of  hopping 
movements.  They  eat  mainly  bottom  detritus,  and  the  tube  feet  do  some 
selection  of  the  food  and  pass  it  along  to  the  mouth. 

In  nearly  all  serpent  stars,  the  sexes  are  separate  and  fertilization 
is  external.  The  development  of  the  young  roughly  parallels  that  of 
the  starfish;  however,  the  larva  is  somewhat  different,  possessing  long 
ciliated  arms  and  is  known  as  a  pluteus  larva  (Fig.  181,5).  Some 
species  retain  the  eggs  within  a  special  genital  bursa  and  the  young  go 
through  their  metamorphosis  in  this  structure.  In  some  the  upper  disc 
is  thrown  off  to  allow  the  young  to  escape. 

One  peculiar  ophiuroidean  is  the  basket  star  group  of  the  genus 
Gorgonocephalus  (Fig  183,z)  in  which  the  arms  branch  many  times 
and  end  in  small  tendril-like  tips. 
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THE  CLASS  ECHINOIDEA 

Of  all  the  echinoderms,  none  lives  up  to  the  name  "spiny  skin"  to 
the  extent  that  some  of  the  members  of  this  class  do.  Anyone  who  has 
had  the  misfortune  to  encounter  a  sea  urchin's  spines  will  attest  to  the 
truth  of  this  statement.  To  this  class  belong  not  only  the  spinose  sea 
urchins  and  heart  urchins,  but  also  the  flattened  sand  dollars. 

Typically  a  sea  urchin  of  the  genus  Arbacea  (Fig.  183,/)  has  a 
hemispherical  test  covered  with  numerous  heavy  spines  and  no  arms. 
The  test  is  formed  of  rows  of  plates,  which,  however,  are  arranged  in 
such  a  manner  as  to  make  the  body  quite  inflexible.  The  tube  feet 
are  arranged  in  five  pairs  of  rows  which  correspond  to  the  arms  of 
the  starfish.  These  tube  feet  are  very  long  and  can  reach  out  beyond 
the  ends  of  the  spines  for  attachment.  Numerous  pedicellariae  are  lo- 
cated between  the  spines.  These  function  not  only  to  keep  the  test 
of  the  animal  free  from  debris  and  sessile  organisms  but  also  to  capture 
small  animals  and  to  carry  them  to  the  mouth. 


Fig.  181. — Larvae  of  echinoderms.     A,  Bipinnaria  of  starfish;  B,  pluteus  of 
sea  urchin;   C,  auricularia   of  sea  cucumber. 

On  the  oral  surface,  the  mouth  occupies  a  central  position  and  is 
surrounded  by  five  strong  teeth.  These  teeth  possess  a  complicated 
framework  of  calcareous  plates  and  muscles  which  is  known  as  "Aris- 
totle's lantern."  These  serve  to  crush  and  grind  the  food  of  the  sea 
urchin.  This  food  consists  of  small  crustaceans,  sponges,  and  other 
small  animals. 

The  sexes  are  separate,  and  the  gonads  develop  along  the  inter- 
ambulacral  areas  inside  the  test.  Fertilization  is  external  and  a  larval 
form,  the  pluteus  (Fig.  181,5),  develops.  Unlike  the  starfish  and  ser- 
pent stars,  the  sea  urchin  has  only  limited  ability  to  regenerate  parts. 
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The  sea  urchins  Hve  on  rocky  shores,  in  sandy  areas,  and  occa- 
sionally on  mud-bottomed  areas;  often  they  occur  in  tremendous  num- 
bers. Although  they  appear  to  be  comparatively  sessile  animals,  they 
are  able  to  move  about  by  the  combined  action  of  the  spines  and  the  tube 
feet.  The  spines  are  arranged  on  ball  and  socket  joints  and  thus  have 
great  freedom  of  movement.  If  the  sea  urchin  is  irritated,  all  the  spines 
of  the  region  point  toward  the  source  of  irritation. 

The  heart  urchin  (Fig  183,;)  has  become  nearly  bilaterally  sym- 
metrical by  elongation  of  the  body.  The  mouth  is  at  the  "head  end" 
and  the  anus  at  the  opposite,  and  the  animal  moves  usually  in  only  one 
direction.    The  spines  all  project  backward. 

The  sand  dollar,  Echinarachnius  (Fig.  183,c),  is  a  flattened, 
cakelike  animal  with  minute  spines.  . 

With  but  few  exceptions,  the  spawning  of  the  sea  urchins  and  sand 
dollars  occurs  simultaneously  in  any  one  colony  or  "herd."  The  reac- 
tion is  apparently  triggered  ofif  by  the  release  of  eggs  or  sperm  of  a  single 
individual ;  this  causes  the  release  of  the  gametes  from  all  the  others  in 
the  immediate  area.     In  such  a  way,  fertilization  is  assured. 

Economically  these  forms  are  of  but  small  importance.  In  many 
countries,  the  eggs  of  the  sea  urchins  are  valued  as  food  items.  For 
the  biologist,  the  eggs  are  of  great  interest,  for  they  are  used  extensively 
to  demonstrate  and  study  rates  of  development  and  experimental 
procedures. 

THE  CLASS  HOLOTHURIOIDEA 

Unlike  the  forms  so  far  considered,  the  members  of  this  class  have 
soft  leathery  bodies  which  contain  only  microscopic  calcareous  plates. 
The  elongated,  lifeless-looking  sea  cucumbers  are  often  seen  lying  along 
the  sea  bottom.  At  the  anterior  end  is  a  mouth  surrounded  by  tentacles. 
On  the  outer  surface  are  the  usual  five  ambulacral  grooves ;  however, 
usually  only  three  possess  tube  feet  and  some  species  lack  tube  feet 
entirely. 

The  digestive  tract  is  quite  slender  and  elongated  and  connects  to  a 
cloaca  at  the  posterior  end.  From  the  cloaca,  two  branched  series  of 
tubes,  the  respiratory  trees,  extend  forward.  Water  is  pumped  in 
through  the  anus  into  these  tubes.  Respiratory  exchange  takes  place 
through  the  thin  walls. 

Like  the  members  of  the  other  classes,  the  water-vascular  system 
consists  of  a  madreporite  connected  with  a  ring  canal  around  the  esoph- 
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agus  and  five  radial  canals.  The  madreporite,  however,  is  internal.  From 
the  ring  canal  extend  several  large  Polian  vesicles  which  may  produce 
amoebocytes.  The  fluid  in  many  of  the  sea  cucumbers  is  reddish  in 
color  due  to  the  presence  of  hemoglobin-containing  cells. 


INTESTINE 


RESPIRATORV. 
TREE 


LONGITUOINAL 
MUSCLES 


CLOACA 


Fig.  182. — The  anatomy  of  a  holothurian,  Thy  one  briar  eus.     (From  Coe:     Echino- 
derms  of  Connecticut,   Connecticut  Geological  and  Natural  History  Survey.) 


The  sexes  are  separate  and  the  gonads  are  bushy  structures  within 
the  coelom.  They  open  to  the  outside  through  a  small  opening  within 
or  near  the  ring  of  oral  tentacles.  Fertilization,  as  usual  in  the  mem- 
bers of  this  phylum,  is  external  and  development  is  through  a  larval 
form  known  as  an  auricidaria  (Fig.  181, C).  Some  of  the  species  brood 
the  young  in  special  pouches  on  the  body  surface.     The  sea  cucumbers 
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have  remarkable  powers  of  regeneration.  When  attacked  they  often 
throw  out  their  internal  organs  including  the  respiratory  tree  and 
digestive  tract  and  simply  grow  another  set. 

They  feed  chiefly  on  small  organisms  found  in  the  mud  and  sand 
where  they  live.     These  are  entangled  on  the  mucus  of  the  tentacles. 

Economically  these  are  not  important  forms,  although  in  some 
countries  they  are  collected,  dried,  and  sold  in  markets  as  "beche-de-mer" 
or  "trepang." 


THE  CLASS  CRINOIDEA 

The  attached  flowerlike  crinoids,  the  sea  Hlies  (Fig.  183,a  and  k), 
seem  totally  unlike  the  other  echinoderms.  Careful  examination,  how- 
ever, shows  that  they  have  many  characteristics  in  common. 


Fig.  183. — Various  echinoderms.  a,  Metacriniis,  a  stalked  crinoid;  b,  Thyone, 
a  sea  cucumber;  c,  Echinarachnius,  a  sand  dollar;  d,  Ophiura,  a  brittle  star;  e, 
Leptosynapta,  a  sea  cucumber;  /,  Arbacea,  a  sea  urchin;  g,  the  slate-pencil  sea 
urchin;  h,  Oreaster,  a  starfish;  i,  Gorgonocephalus,  the  basket  star;  ;,  Lovenia,  the 
heart  urchin;   k,  Antedon,  the  feather  star. 


An  attached  form  has  a  body  disc  which  forms  a  cup-shaped  calyx 
to  which  are  attached  five,  flexible,  much-branched  arms.  The  branches 
are  the  pinnules.  The  calyx  is  attached  to  the  long  jointed  stem  which 
extends  downward  from  the  aboral  surface.  It  is  usually  attached  to 
the  sea  bottom  by  cirri,  rootlike  outgrowths.  The  mouth  and  anus  are 
both  on  the  oral  or  upper  surface  of  the  disc ;  there  is  no  madreporite  and 
no  pedicellariae.  Along  each  arm  is  an  anibulacral  groove  containing 
cilia  and  modified  tube  feet.  Usually  the  gonads  are  located  in  the  pin- 
nules of  the  arms.     The  eggs  are  shed  directly  into  the  water  in  some 
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species ;  in  others  they  remain  attached  to  the  pinnules  for  a  time.  They 
hatch  into  free-swimming  larvae  which  then  metamorphose  into  adults. 

Some  species  are  able  to  become  free-swimming  by  breaking  off 
from  the  stalk.  Very  little  is  known  of  the  habits  of  these  interesting 
forms  inasmuch  as  most  of  them  dwell  at  great  depths.  They  are  abund- 
antly represented  as  fossils.  The  ringlike  stalk  of  these  fossils  is  often 
found  in  creek  beds.    They  are  familiarly  called  "indian  beads." 

There  are  two  other  extinct  classes  of  echinoderms,  both  of  which 
were  stalked  forms.  Usually  it  is  thought  that  the  other  classes  of  the 
echinoderms  arose  from  these  stalked  forms.  At  first  this  may  seem 
difficult  to  visualize,  but  if  one  were  to  imagine  the  calyx  of  the  sea  lily 
freed  from  its  stalk  and  turned  over,  he  would  have  a  pretty  fair  star- 
fish. In  turn,  the  sea  urchin  can  be  imagined  as  a  starfish  that  lost  its 
arms,  while  the  sea  cucumber  might  be  considered  simply  as  an  elongated 
sea  urchin  without  spines !  This  is,  of  course,  greatly  oversimplified, 
but  does  show  the  essential  unity  of  the  varied  members  of  this  phylum. 
They  demonstrate  vividly  that  evolution  goes  in  all  directions,  and  that 
the  members  of  a  phylum  may  radiate  into  many  different  forms  and  still 
retain  a  basic  body  plan.  Of  particular  interest  is  the  fact  that  these 
forms  are  all  derived  from  a  bilaterally  symmetrical  type  as  evidenced  by 
their  dipleurula  larvae ;  most  have  become  secondarily  radially  sym- 
metrical while  a  few  have  again  attained  their  ancestral  bilateral 
symmetry. 

SOME  PHYLA  RELATED  TO  THE  ECHINODERMS 

Two  phyla  which  show  affinities  to  the  echinoderm-chordate  line 
are  the  Chaetognatha  and  the  Enteropneusta.  The  members  of  both 
these  phyla  have  indeterminate  cleavage,  enterocoelous  coeloms,  and  the 
mouth  arising  as  a  new  structure.  Like  the  echinoderms,  the  members 
of  both  these  phyla  are  strictly  marine. 

The  Phylum  Chaetognatha. — These  small  (about  one  inch  long) 
transparent  animals  often  form  an  important  and  abundant  part  of  the 
mass  of  floating  animals  and  plants  (plankton)  of  the  ocean  surface. 
During  the  greater  part  of  the  day  and  night  they  remain  well  below  the 
surface  but  at  sunrise  and  sunset  they  rise  when  the  temperature  and 
light  relationships  are  apparently  most  favorable. 

Commonly  these  animals  are  known  as  the  arrow  zvorms  due  to 
their  general  body  shape.  The  body  is  divided  by  constrictions  into 
three  distinct  regions,  the  head,  trunk,  and  tail.    The  tail  is  postanal  like 
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that  of  the  chordates,  and  this  represents  the  only  phylum  among  the 
invertebrates  in  which  such  a  condition  is  found.  The  head  region  is 
flattened,  the  trunk  region  somewhat  ovoid,  and  the  tail  rounded ;  thus  the 
animal  is  distinctly  streamlined.  The  five  fins  present  in  the  trunk  and 
tail  region  are  flattened  in  a  horizontal  plane :  one  pair  of  fins  is  located 
on  the  trunk,  the  second  pair  on  the  posterior  part  of  the  trunk  and 
anterior  portion  of  the  tail,  and  the  caudal  fin  is  unpaired  and  at  the 
terminal  portion  of  the  tail.  These  fins  do  not  function  independently, 
but  act  as  balancing  organs  and  aid  in  swimming  movements.  The  ani- 
mal swims  by  contractions  of  the  longitudinal  muscles  of  the  body  wall. 


OVABY  FIN       -OVltXJCT 


Fig.   184. — Ventral  view  of  the  arrow  worm   Sagitta. 


The  head  region  is  highly  modified  and  has  many  specialized  struc- 
tures for  the  capture  of  smaller  animals  and  plants  which  constitute  the 
food  of  the  arrow  worms.  The  mouth  itself  is  recessed  within  a  depres- 
sion known  as  the  vestibiilum.  The  shape  and  size  of  this  depression 
may  change  with  the  size  of  the  prey  seized.  The  mouth  is  somewhat 
ventral  in  position  and  dorsal  to  it  are  two  sets  of  chitinized  teeth.  The 
name  of  the  phylum  is  derived  from  the  long  curved  sharp  rods  on  either 
side  of  the  head.  These  rods  are  composed  of  chitin  and  number  eight  to 
twelve  on  each  side.  They  are  of  use  in  capturing  prey.  Dorsally  the 
head  has  a  pair  of  complex  eyes. 

The  coelom  is  large  and  divided  by  septa  into  the  three  main  re- 
gions. The  digestive  system  consists  of  the  mouth  which  leads  into  the 
esophagus,  and  the  straight  intestine  which  terminates  in  the  anus  at 
the  end  of  the  trunk.  Two  esophageal  diverticula  project  backward, 
while  two  intestinal  ones  project  forward.  The  nervous  system  includes 
a  pair  of  cerebral  ganglia  above  the  esophagus,  a  pair  of  connectives 
around  the  esophagus,  and  a  ventral  ganglion  in  the  trunk  region  which 
has  nerves  going  to  various  parts  of  the  body.  There  are  two  types  of 
sense  organs  whose  function  is  fairly  clear :  the  eyes  and  small  tactile 
papillae  which  cover  the  body  surface.  Other  sense  organs  undoubtedly 
also  are  present.  There  is  no  special  excretory,  respiratory,  or  circu- 
latory system. 
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These  animals  are  monoecious,  but  cross-fertilization  is  ensured. 
The  ovaries  are  located  in  the  posterior  lateral  portion  of  the  trunk 
coelom,  while  the  testes  are  in  the  lateral  anterior  region  of  the  tail 
coelom.  From  the  testes,  paired  vas  deferens  pass  posteriorly  to  the 
seminal  vesicles.  The  sperm  are  released  into  the  sea  water  as  bundles 
of  spermatophores,  which  are  picked  up  by  other  worms,  and  the  sperm 
are  stored  in  seminal  receptacles.  The  seminal  receptacle  is  a  bulblike 
projection  of  the  oviduct.  A  fertilisation  tube  grows  from  this  re- 
ceptacle to  the  ripe  ovum  lying  in  the  ovary.  The  sperm  pass  up  the 
tube  and  fertilize  the  egg.  The  zygote  then  passes  through  the  wall 
of  the  oviduct  into  the  cavity  of  the  oviduct  and  out.  The  eggs  hatch  in 
about  two  days  into  a  larval  form  closely  resembling  the  adult. 

While  the  number  of  individuals  of  this  phylum  may  at  times  be 
extremely  high,  there  are  but  few  known  species.  Undoubtedly  they 
are  important  as  food  organisms  for  larger  animals.  Sagitta  is  the 
commonest  genus. 

The  Phylum  Enteropneusta  (or  Hemichordata). — The  position 
of  this  phylum  in  the  animal  kingdom  is  subject  to  different  interpreta- 
tions. The  members  possess  pharyngeal  gill  slits  and  some  have  a  dorsal 
tubular  nervous  system,  both  of  which  are  considered  characteristics  of 
the  phylum  Chordata.  For  this  reason  many  zoologists  prefer  to  con- 
sider them  as  a  subphylum  of  the  phylum  Chordata.  On  the  other  hand, 
they  lack  a  well-developed  notochord.  A  small  strengthening  rod  in  the 
anterior  end  has  at  times  been  considered  as  homologous  with  the  noto- 
chord. Since  this  is  subject  to  some  question,  it  may  be  best  to  consider 
them  as  a  separate  invertebrate  phylum  closely  related  to  the  inverte- 
brate-chordates. 

The  members  of  this  phylum  are  commonly  called  the  "tongue 
worms"  or  "acorn  worms"  due  to  their  possession  of  an  anterior  pro- 
boscis. They  are  widely  distributed  throughout  the  shallower  parts  of 
the  ocean  and  a  few  are  found  in  deeper  waters.  In  all,  about  60  species 
are  known,  but  due  to  their  habit  of  burrowing  in  the  soft  bottom  ooze, 
it  is  probable  that  there  are  many  more  to  be  discovered.  In  size  they 
vary  from  2  inches  to  2  feet.  One  common  genus  is  Saccoglossus, 
species  of  which  are  found  in  many  parts  of  the  world.  6*.  kowalevskii 
is  the  species  most  commonly  found  along  our  east  coast.  It  lives  just 
below  the  low  tide  zone  from  Massachusetts  to  North  Carolina. 

Externally  the  body  consists  of  three  well-defined  regions :  the  an- 
terior proboscis,  the  short  collar,  and  the  long  trunk  region  just  behind 
the  collar. 
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The  proboscis  is  a  conical  structure  connected  to  the  collar  by  a 
slender  stalk.  It  is  used  by  the  animal  for  burrowing  through  the  soft 
bottom  mud.  On  the  trunk  region  just  behind  the  collar  are  numerous 
gill  pores ;  also  on  the  trunk  are  two  well-defined  ridges,  the  mid-dorsal 
and  the  midventral.    Genital  ridges  are  located  just  behind  the  gill  pores. 


Fig.  185. — SaccoglossT.is.     A,  View  of  entire  animal;  B,  longitudinal  section 
through   anterior  portion;   C,  tornaria  larva. 


The  permanently  opened  mouth  is  located  on  the  ventral  anterior 
part  of  the  collar  and  opens  into  the  buccal  cavity  inside  the  collar.  This 
is  followed  by  the  pharynx  and  the  straight  intestine  which  opens  through 
a  posterior,  terminal  anus.  Opening  into  the  pharynx  are  the  gill  slits. 
From  the  buccal  cavity,  an  anterior  diverticulum  projects  into  the  pro- 
boscis; this  is  the  structure  assumed  to  be  homologous  with  the  noto- 
chord.  Mud  and  water  enter  the  mouth;  the  food  is  sifted  out  and 
enters  the  intestine  while  the  water  passes  out  through  the  gill  slits  in 
the  pharynx. 

The  circulatory  system  is  invertebrate  in  construction.  A  main 
dorsal  vessel  carries  the  colorless  blood  anteriorly  to  the  heart  located 
in  the  proboscis.  This  heart  is  dorsal  to  the  anterior  diverticulum  from 
the  buccal  cavity  and  consists  of  a  pericardial  sac  with  a  ventral  muscu- 
lar wall  and  a  central  blood  sinus  between  the  sac  and  the  roof  of  the 
diverticulum.  From  the  heart,  blood  is  pumped  forward  to  an  organ 
called  a  glomerulus.  Here  are  many  capillaries  which  form  a  pair  of 
vessels  which  pass  ventrally  and  posteriorly  to  form  the  ventral  blood 
vessel.    Blood  flows  posteriorly  in  this  vessel. 
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The  nervous  system  combines  both  vertebrate  and  invertebrate  fea- 
tures. A  fibrous  layer  underlies  the  whole  body  surface.  In  the  mid- 
dorsal  and  midventral  ridges  this  is  thickened  to  form  a  dorsal  and  ventral 
nerve  trunk,  respectively,  which  are  connected  by  a  nerve  ring  located  at 
the  juncture  of  the  trunk  and  collar.  The  dorsal  nerve  runs  forward 
into  the  collar  to  become  the  collar  cord  or  central  nervous  system  which 
is  separated  from  the  epidermis.  This  at  times  has  a  central  space,  but 
more  often  simply  has  isolated  spaces.  It  has  been  shown  that  at  least 
part  of  this  collar  cord  is  formed  in  a  manner  similar  to  that  of  the 
chordate  brain,  that  is,  by  infolding  of  the  ectoderm. 

The  gill  slits  opening  from  the  pharynx  do  not  open  directly  to  the 
outside,  rather  they  open  into  gill  sacs  which  in  turn  open  to  the  out- 
side through  gill  pores.  The  excretory  system  is  not  well  understood, 
but  it  is  believed  that  the  glomerulus  performs  this  important  function. 

The  sexes  of  Saccoglossus  are  separate.  The  saclike  gonads,  located 
in  the  anterior  portion  of  the  trunk,  open  when  the  gametes  are  ripe  to 
the  outside  by  minute  pores.  The  eggs  or  sperm  are  discharged  into  the 
water  where  fertilization  occurs.  Development  proceeds  through  a  larva 
known  as  a  tornaria  larva  (Fig.  185, C)  which  closely  resembles  the 
bipinnaria  larva  of  the  starfish. 


CHAPTER  29 

THE  PHYLUM  CHORDATA 


THE  PROTOCHORDATES  AND  FISHES 

Though  certainly  not  the  most  abundant  of  all  animal  phyla  so 
far  as  numbers  are  concerned,  the  chordates  are  both  the  most  familiar 
and  economically  important.  This  phylum  contains  not  only  man,  but 
all  his  domesticated  animals,  the  familiar  birds,  reptiles,  and  amphibians, 
and  the  numerous  and  varied  fish.  Also  included  within  this  phylum 
are  a  few  small  marine  forms  which  economically  are  of  no  importance, 
but  biologically  of  great  interest. 

Although  not  nearly  so  abundant  as  the  arthropods,  the  chordates 
rival  them  in  their  diversity  of  form  and  adaptation.  Like  the  arth- 
ropods, the  chordates  have  invaded  all  terrestrial  habitats,  fresh  water, 
the  ocean,  and,  like  the  insects,  the  air  itself.  Except  for  some  small 
marine  forms,  the  chordates  have  some  semblance  of  a  vertebral  column ; 
hence  most  are  known  as  the  vertebrates.  The  development  of  this 
dorsal  supporting  structure  together  with  an  internal  skeleton  has  per- 
mitted the  vertebrates  to  attain  relatively  large  sizes.  In  general,  they 
are  much  larger  than  the  members  of  the  many  invertebrate  phyla,  with 
some  such  as  the  whale  attaining  gigantic  proportions. 

Embryologically  the  chordates  show  their  relationship  to  the  echino- 
derm  line  of  development.  They  exhibit  indeterminate  cleavage,  meso- 
derm derived  from  the  roof  of  the  archenteron,  and  a  blastopore  which 
develops  into  an  anus ;  however,  the  echinoderms,  the  chaetognaths,  and 
even  the  hemichordates  are  so  different  that  they  cannot  be  considered  to 
be  direct  ancestors  of  the  chordates.  Rather,  they,  too,  are  highly  spe- 
cialized forms  diverging  from  this  branch  of  development. 

The  problem  of  the  origin  of  the  vertebrates  from  some  invertebrate 
ancestor  has  occupied  the  attention  of  many  zoologists.  Numerous 
theories  have  been  developed,  deriving  them  from  such  divergent  forms 
as  the  annelids,  arthropods,  arachnids,  echinoderms,  and  virtually  every 
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other  major  invertebrate  group.  It  is  now  clear  that  all  these  theories  are 
incorrect  and  that  the  origin  of  the  vertebrates  is  still  lost.  Perhaps  it  is 
to  be  looked  for  in  some  dipleurula-like  larva  that  swam  in  the  early 
Cambrian  seas.  Certainly  such  a  soft-bodied  form  would  leave  no  trace 
and  the  best  that  can  be  done  is  to  continue  to  speculate. 

Characteristics  of  the  Phylum. — Most  of  the  characteristics  of 
the  members  of  this  phylum  are  not  unique,  for  they  may  be  seen  among 
the  more  highly  developed  of  the  invertebrates.  Among  these  charac- 
teristics are  the  possession  of  bilateral  symmetry,  metamerism,  three 
germ  layers,  a  well-developed  enterocoelous  coelom,  a  complete  digestive 
tract,  and  an  organ  grade  of  construction.  Like  many  of  the  inverte- 
brates, all  the  chordates  possess  a  closed  circulatory  system  with  a  cen- 
tral pumping  mechanism,  the  heart;  and  in  most  forms  the  sexes  are 
separate. 

Three  unique  characteristics  set  the  members  of  this  phylum  off  from 
all  other  animal  groups.  These  three  characteristics  are  the  possession 
of  a  dorsal  supporting  rod,  the  notochord,  the  pharyngeal  gill  slits,  and  a 
dorsal  tubular  nervous  system. 

The  notochord  is  a  dorsal  cartilaginous  rod  from  which  the  name  of 
the  phylum  is  derived.  This  notochord  is  found  at  least  in  the  embryo 
of  all  chordates  and  in  many  it  remains  throughout  life.  Among  the 
higher  vertebrates,  the  centra  of  the  vertebral  column  gradually  squeeze 
it  out  until  the  cartilage  remains  only  as  pads  between  the  vertebrae. 

Gill  slits  in  the  region  of  the  pharynx  again  are  seen  at  least  in 
the  embryos  of  all  chordates.  In  aquatic  forms  such  as  the  fish,  the  gill 
slits  remain  functional  throughout  life ;  among  terrestrial  forms,  the  slits 
normally  close  off  during  development.  In  the  embryo,  the  gill  slits  ap- 
pear as  outpocketings  of  the  pharyngeal  lining  and  inpocketings  of  the 
body  surface.  Breaks  in  the  wall  form  the  gill  slits.  In  aquatic  forms, 
gill  filaments  develop  in  relationship  to  these  slits,  and  water  passing 
through  the  mouth  emerges  through  the  gill  slits  and  in  so  doing,  passes 
over  the  gill  filaments  where  respiratory  exchange  takes  place.  With 
the  advent  of  lung  breathing  terrestrial  vertebrates,  the  gill  slits  are  no 
longer  necessary  and  appear  only  in  the  embryo. 

The  dorsal  tubular  nervous  system  is  the  third  unique  characteristic 
of  the  chordates.  This  system  persists  throughout  the  lifetime  of  all 
but  a  few  forms.  In  many,  the  anterior  portion  is  differentiated  into  the 
brain.  Embryologically  the  central  nervous  system  rises  as  folds  of 
the  dorsal  ectoderm  which  join  and  then  sink  below  the  surface.     This 
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dorsal  tubular  nervous  system  is  one  way  in  which  the  chordates  are  so 
clearly  differentiated  from  the  higher  invertebrates.  Most  of  these  latter 
have  a  solid  nerve  chord  which  is  ventral  in  position. 

Subphyla  of  the  Chordata. — This  phylum  is  divided  into  three 
subphyla  on  the  basis  of  the  degree  of  notochordal  development  and 
other  accessory  structures. 

Subphylum  I.  Urochordata.  Adults  saclike,  may  be  either  sessile  or  pe- 
lagic. The  larvae  closely  resemble  the  tadpole  of  the  amphibians,  and  the  noto- 
chord  is  present  only  in  the  tail.    Examples :    tunicates,  Molgula  and  Ciona. 

Subphylum  II.  Cephalochordata.  Small  fishlike  animals,  the  adults  with 
a  complete  notochord.     Example:     Branchiostoma,  commonly  called  amphioxus. 

Subphylum  III.  Verlebrata.  With  vertebrae  variously  developed,  with  an 
internal  jointed  skeleton  and  other  chordate  characteristics  variously  modified. 
Examples :    fish,  amphibians,  reptiles,  birds,  and  mammals. 

The  first  two  subphyla  are  known  as  the  protochordates ;  both  are  en- 
tirely marine  in  their  distribution.  The  vertebrates  are  inhabitants  of 
all  possible  places. 

THE  SUBPHYLUM  UROCHORDATA 

An  adult  tunicate  bears  but  little  resemblance  to  the  commonly  ac- 
cepted idea  of  what  constitutes  a  chordate.  It  is  a  saclike  animal  pro- 
vided with  the  incurrent  and  excurrent  siphons  and  a  set  of  highly  modi- 
fied organs.  The  outer  test  or  tunic  is  composed  of  a  cellulose-like  ma- 
terial, tunicin.  It  is  through  the  larval  form  that  the  true  relationships 
of  this  peculiar  protochordate  are  shown.  Superficially  the  larva  re- 
sembles a  frog  tadpole  and  possesses  a  well-developed  notochord  in  the 
tail.  The  members  of  one  class,  the  Larvacea,  remain  permanently  as 
larvae. 

The  Classes  of  the  Subphylum. — This  subphylum  is  divided  into 
three  classes  which  are  as  follows : 

Class  I.  Larvacea.  Small  transparent  fornis  abundant  as  part  of  the  sur- 
face-floating organisms,  the  plankton ;  permanently  in  the  tadpole  stage.  Herma- 
phroditic, functioning  first  as  males,  then  as  females.     Example :     Appendicularia. 

Class  II.  Ascidiacea.  Adult  animal  sessile,  may  occur  as  colonial  or  single 
forms,  with  tadpolelike  larva.     Example :     tunicates,   Molgula,   Ciona. 

Class  III.  Thaliacea.  Transparent  animals  which  usually  dwell  near  the 
surface  in  the  open  ocean.  At  one  stage,  several  attach  together  to  form  circles 
or  long  bands.  Commonly  there  is  an  alternation  of  sexual  and  asexual  repro- 
duction.    Example  :     chain  tunicates,  Salpa. 
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The  Anatomy  of  Molgula. — Molgula,  a  member  of  the  class  As- 
cidiacea,  is  common  in  the  coastal  waters  along  the  Atlantic. 

The  adult  is  saclike  in  shape  and  is  attached  by  a  narrowed  portion 
at  the  base.  The  animal  is  covered  by  a  tough  elastic  membrane,  the 
tunic.  Inside  the  tunic  is  a  membranous  mantle  which  contains  blood 
vessels  and  a  few  muscle  fibers.  The  internal  organs  are  contained 
within  a  central  atrial  cavity  which  is  located  within  the  tunic.  There 
are  two  openings  into  the  test,  an  incurrent  and  an  excurrent  siphon. 
Sex  products  and  waste  materials  also  may  pass  out  with  the  out- 
going current  of  water.  Below  the  incurrent  siphon  is  a  tubelike  mouth 
which  opens  into  a  large  pharynx.  The  pharynx  is  enlarged  into  a 
branchial  sac  with  many  pores  through  which  water  passes  into  the  atrial 
cavity.  The  pores  are  surrounded  by  ciliated  cells  which  create  a  cur- 
rent. The  surrounding  tissue  is  well  supplied  with  blood  vessels  and 
respiratory  exchange  takes  place  in  this  region. 
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Fig.   186. — The  anatomy  of  the   tunicate,  Molgula.     A  portion  of 
the  branchial   sac   is   removed. 


In  the  midventral  wall  of  the  branchial  sac  is  a  conspicuous  groove, 
the  endostyle,  which  is  lined  with  cilia  and  possesses  numerous  mucous 
cells.  Small  animals  which  enter  with  the  incoming  current  of  water 
are  caught  in  the  mucus  of  this  groove  and  by  action  of  the  cilia  move 
through  the  pharyngeal  region  into  the  digestive  tract  proper.  The  endo- 
style has  at  times  been  considered  to  be  homologous  with  the  thyroid 
gland  of  the  vertebrates. 
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From  the  branchial  sac,  the  digestive  tract  continues  with  a  short 
esophagus  leading  to  a  much  dilated  stomach.  The  stomach  opens  into  a 
long  intestine  which  loops  and  ends  in  the  anus  near  the  excurrent  siphon. 
There  is  a  digestive  gland  connected  by  a  duct  to  the  stomach. 

The  excretory  system  of  this  animal  is  not  well  understood,  but  it 
is  thought  to  be  a  small,  brownish  sac  attached  to  the  inner  wall  of  the 
body.  Since  there  is  no  duct  from  this  sac,  its  function  must  be  prin- 
cipally the  concentration  of  metabolic  wastes.  A  circulatory  system  is 
present  in  the  form  of  a  heart  and  associated  blood  vessels.  The  heart 
is  an  elongate,  translucent  tube  located  near  the  excretory  organ.  A 
blood  vessel  passes  from  it  at  each  end.  The  heart  is  quite  unique  in  its 
functioning  as  it  beats  by  means  of  peristaltic  waves  which  change  their 
direction  of  movement.  The  waves  pass  in  one  direction  for  a  period, 
then  stop  and  reverse. 

The  nervous  system  is  much  reduced,  being  simply  a  small  cerebral 
ganglion  which  is  located  dorsally  in  the  mantle  between  the  two  siphons. 
From  it,  a  few  nerves  pass  to  the  remainder  of  the  body. 

The  tunicate  is  hermaphroditic  with  the  gonads  being  fastened  to 
the  inner  wall  of  the  mantle.  The  testes  and  ovaries  are  located  close 
to  each  other  with  a  pair  on  each  side.  There  are  separate  ducts  for  the 
eggs  and  sperm.  These  ducts  open  into  the  atrial  cavity  near  the  anus 
at  the  base  of  the  excurrent  siphon.  Eggs  are  discharged  into  the  water 
and  fertilization  occurs  outside  the  animal. 


Fig.   187. — The  tadpolelike  larva  of  the  tunicate. 


The  typical  tadpolelike  larva  develops  from  the  fertilized  egg  within 
twenty-four  hours.  This  peculiar  larva  has  a  long  tail  containing  the 
notochord,  has  a  dorsal  tubular  nervous  system,  lateral  gill  slits,  a  cir- 
culatory system,  coelom,  and  sense  organs  including  an  eye  and  a  primi- 
tive ear.    At  the  anterior  end,  there  are  mucus-secreting  glands,  the  ad- 
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hesive  glands.  After  a  few  hours,  this  free-swimming  larva  attaches  it- 
self to  a  substrate  by  means  of  the  adhesive  glands ;  thus  it  lies  vertical  in 
position.  Metamorphosis  occurs  rather  rapidly  and  the  strictly  chordate 
features  disappear  as  the  tail  is  absorbed. 

THE  SUBPHYLUM  CEPHALOCHORDATA 

The  members  of  this  relatively  homogeneous  subphylum  show  their 
affinities  to  the  true  vertebrates  much  more  clearly  than  do  the  tunicates. 
Chiefly  this  is  due  to  the  fact  that  the  notochord  is  retained  throughout 
life,  and  the  dorsal  tubular  nervous  system  persists.  These  small,  fish- 
like animals  (about  2^  inches  long)  are  found  in  large  numbers  in  sandy 
bottoms  below  low  tide  mark.  They  are  often  dredged  up  in  great  num- 
bers from  waters  of  30  to  40  feet  in  depth. 

The  several  genera  of  this  subphylum  are  all  grouped  in  but  one 
class,  Leptocardii.  The  name  amphioxus  has  been  applied  in  gen- 
eral to  all  cephalochordates ;  the  genus  Branchiostoma  is  abundant  in  our 
coastal  waters. 

The  Anatomy  of  Branchiostoma. — These  small,  pinkish  animals 
have  an  elongate  body  which  is  slender  and  compressed.  It  is  pointed  at 
both  ends  and  without  distinct  head  development.  Dorsally  there  is  a 
fin  which  extends  the  length  of  the  body ;  posteriorly  there  is  a  ventral 
fin  which  meets  the  dorsal.  Both  then  enlarge  to  form  the  tail  fin.  All 
these  fins  are  strengthened  by  fin  rays.  Anterior  to  the  ventral  fin  on 
each  side  of  the  body  is  a  metapleural  fold.  In  this  region  the  body  is 
flattened  ventrally.  The  mouth  is  at  the  ventral  portion  of  the  anterior 
end  of  the  body,  and  the  anus  is  at  the  posterior  end.  Just  anterior  to  the 
anus  is  the  atrial  pore. 
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Fig.   188. — The  anatomy  of  amphioxus,  Branchiostoma. 

On  the  sides  of  the  body,  the  segmental  muscle  masses  or  myo- 
tomes may  be  seen  through  the  thin  epithelium.  Around  the  mouth 
is  an  oral  hood  which  has  a  ring  of  cartilage  to  strengthen  it.    Along  this 
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oral  hood  are  long  cirri.  The  principal  supporting  structure  of  the  body 
is  the  notochord  which  extends  almost  throughout  the  entire  length  of 
the  animal.  It  consists  of  a  gelatinous  material  surrounded  by  connective 
tissue. 

The  digestive  tract  is  rather  simple,  beginning  at  the  month  which 
is  in  the  center  of  a  membrane,  the  velum.  Around  the  mouth  are  the 
velar  tentacles  which  keep  large  particles  from  entering.  Just  posterior 
to  the  mouth  is  the  large  pharynx,  which  contains  many  diagonal  gill  slits 
for  the  passage  of  water.  These  gill  slits  are  visible  externally.  From 
the  pharynx  a  straight  intestine  leads  to  the  anus.  At  the  anterior  part 
of  the  intestine  there  is  a  large  digestive  gland.  The  pharynx  which  is 
located  in  an  external  cavity,  the  atrial  cavity,  contains  a  mid-dorsal  and 
a  midventral  groove.  The  dorsal  groove  is  the  epihranchial  groove, 
while  the  ventral  one  is  the  endostyle.  Both  act  to  trap  food  in  the  man- 
ner described  for  the  endostyle  of  the  tunicates.  Water  passing  into  the 
pharynx  goes  through  the  gill  slits  which  are  supported  by  the  gill  bars 
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Fig.   189. — Cross  section  of  Branchiostoma  in  the   region  of  the  pharynx. 
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and  passes  into  the  atrial  cavity.  From  the  atrial  cavity,  the  water  passes 
out  of  the  body  through  the  atrial  pore. 

The  circulatory  system  has  no  definite  heart,  but  does  have  a  series 
of  blood  vessels  in  which  blood  circulates  in  much  the  same  manner 
as  in  vertebrates.  In  addition  to  the  blood  vessels  there  are  a  few  open 
blood  spaces.  The  excretory  system  consists  of  ciliated  nephridia  dorsal 
to  the  pharynx.  They  connect  to  the  atrial  cavity  in  a  manner  somewhat 
similar  to  that  of  the  annelids.  A  coelom  is  formed  in  the  embryo,  but  be- 
comes reduced  in  the  adult.  It  is  only  seen  around  the  intestine  and  in 
these  ciliated  nephridia.  Above  the  notochord  is  the  dorsal  tubular 
nerve  cord.  It  is  slightly  enlarged  at  the  anterior  end  into  a  primitive 
brain.  This  cerebral  vesicle  has  an  olfactory  pit  in  its  mid-dorsal  portion, 
two  pairs  of  nerves,  and  a  small  eyespot.  The  cord  gives  ofif  paired 
nerves  along  its  length  to  the  myotomes.  The  sexes  are  separate ;  the 
gonads  of  each  sex  are  located  in  two  rows.  The  gametes  pass  to  the  out- 
side through  the  atrial  pore.  Fertilization  is  external  with  the  result- 
ing free-swimming  larva  closely  resembling  the  adult. 

Ordinarily  amphioxus  is  found  lying  in  a  curved  tube  in  the  sand 
with  the  anterior  and  posterior  ends  near  the  surface.  Water  is  forced 
into  the  pharynx  and  the  small  detritus  is  collected  by  the  mucus  of  the 
endostyle  and  hyperbranchial  groove.  These  small  forms  are  often  lo- 
cally quite  abundant  and  probably  form  an  important  part  of  the  diet  of 
larger  fish.    In  the  Orient,  they  are  used  for  food  for  human  beings. 

THE  SUBPHYLUM  VERTEBRATA 

By  far  the  largest  number  of  chordates  are  members  of  this  sub- 
phylum,  the  Vertebrata.  The  name  of  the  subphylum  is  derived  from 
the  vertebral  column  which  is  divided  into  individual  vertebrae.  This 
feature  shows  a  progressive  development  from  the  primitive  vertebrates 
where  it  is  little  more  than  a  few  cartilaginous  bars  to  the  well-developed 
vertebrae  of  higher  forms.  This  vertebral  column  becomes  the  main 
supporting  axis  of  the  body,  replacing  the  notochord  which  is  retained 
only  as  cartilaginous  pads  between  the  individual  vertebrae. 

Other  distinguishing  features  of  the  vertebrates  are  the  well-de- 
veloped brain  at  the  anterior  end  of  the  dorsal  tubular  nervous  system, 
the  protecting  cranium,  the  extraordinary  degree  of  cephalization,  the 
chambered  heart  with  associated  blood  vessels,  the  internal,  living  jointed 
skeleton,  the  stratified  epithelium  forming  the  integument,  the  two  pairs 
of  appendages,  the  postanal  tail,  and  the  excretory  system  consisting  of 
paired  kidneys. 


Phyhmi  Chordata         567 

The  Classification  of  the  Subphylum  Vertebrata. — There  are 
seven  living  classes  of  vertebrates  which  are  as  follows : 

Superclass  Pisces 

Class  I.  Agnatha.  Fish  with  jawless  mouths,  no  paired  appendages.  Ex- 
amples :  ostracoderms ;  lamprey  eels,  Petromyson ;  and  the  hagfishes, 
Myxine. 

Class   II.     Placodermi.      Extinct,   jawed   vertebrates. 

Class  III.  Chondrichthyes.  Fish  possessing  cartilaginous  skeletons  and 
placoid  scales.  Examples :  dogfish,  Squalus ;  sharks,  rays,  and 
chimaeras. 

Class  IV.  Osteichthyes.  Fish  typically  possessing  a  skeleton  of  bone. 
Scales  may  be  cycloid,  ctenoid,  ganoid  or  lacking.  Examples :  perch, 
Perca;  carp,  Cyprinus. 

Superclass  Tetrapoda 

Class  I.  Amphibia.  Animals  possessing  a  moist  skin  without  scales,  usu- 
ally with  an  aquatic  larva  and  terrestrial  adult.  Examples :  frog,  Rana ; 
toad,  Bufo;  salamanders,  Ambystoma. 

Class  II.  Reptilia.  Animals  possessing  scaly  skins  and  with  eggs  having 
well-developed  membranes.  Examples :  turtles,  snakes,  lizards,  croco- 
diles, and  alligators. 

Class  III.  Aves.  Animals  possessing  feathers,  with  eggs  having  em- 
bryonic  membranes,   warm-blooded.      Example:      birds. 

Class  IV.  Mammalia.  Animals  having  the  body  covered  with  hair,  warm- 
blooded, nourish  young  by  means  of  mammary  glands.  Example : 
mammals. 

The   Origin   and   Development   of   the  Pisces 

The  first  vertebrate  of  which  there  is  any  fossil  record  is  the  fish- 
Hke,  armored  ostracoderm  (Fig.  193,c).  The  earliest  of  these  date 
from  the  fossil  beds  of  the  Ordovician  period  which  occurred  some 
440,000,000  or  so  years  ago  and  lasted  for  about  60,000,000  years.  The 
ostracoderms  attained  their  greatest  abundance  during  the  Devonian 
period  about  350,000,000  years  ago.  In  appearance  they  were  shaped 
vaguely  like  the  horseshoe  crab,  possessing  a  head  shield  with  eyes 
located  on  top  and  a  single  dorsal  nasal  opening.  Ventrally,  they  had  a 
jawless,  rounded  mouth.  The  area  under  the  shield  was  largely  occu- 
pied by  a  gill  chamber,  and  it  is  probable  that  they  attained  their  food 
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by  sifting  the  water  in  a  manner  somewhat  like  that  of  amphioxus. 
Many  of  them  had  poorly  developed  appendages  and  fishlike  tails.  From 
the  evidence  of  the  remains,  it  has  been  concluded  that  these  forms 
originated  in  fresh  water,  but  during  the  Devonian  period  many  grad- 
ually became  adapted  for  marine  life.  Thus  it  is  in  the  fresh  waters 
that  the  very  first  vertebrates  were  spawned,  and  it  is  a  strange,  fish- 
like form,  the  ostracoderm,  which  heralded  the  new  era  which  the 
vertebrates  were  destined  to  dominate. 

The  modern  cyclostomes  with  their  jawless  mouths  and  single 
dorsal  nasal  openings  and  lack  of  paired  appendages  are  perhaps  direct 
descendants  of  these  ostracoderms ;  however,  they  are  greatly  changed 
in  both  appearance  and  habit.  They  have  attained  an  eel-like  form  and 
and  have  lost  the  heavy  armor.  Perhaps  these  changes  are  related  to 
their  new  role  as  predatory  animals. 

During  the  Silurian  when  the  ostracoderms  were  attaining  their 
greatest  diversity  of  form,  a  new  group  of  primitive  fish,  the  placoderms, 
arose.  These,  too,  were  strange,  armored  fishlike  forms,  but  unlike 
the  ostracoderms  they  had  jawed  mouths.  At  times  these  have  been 
termed  the  "spiny  sharks."  Despite  their  possession  of  a  jaw  and  a 
more  streamlined  form,  these  placoderms  represent  an  evolutionary  dead 
end,  and  they  disappear  from  the  fossil  record  after  the  Permian.  The 
placoderms  represent  an  early  evolutionary  development  of  a  rather 
efficient  predator,  but  they  are  not  ancestral  to  the  present-day  fish. 

The  first  sharks  appear  in  the  fossil  record  during  the  latter 
part  of  the  Silurian.  These  sharks  do  not  differ  too  radically  in 
general  appearance  from  our  present-day  forms.  The  stalk  from  which 
these  sharks  arose  is  still  unknown ;  at  any  rate,  they  rapidly  increased 
in  numbers  during  the  late  Paleozoic  and  even  now  occupy  an  important 
place  in  the  oceanic  communities.  During  the  Mesozoic,  skates  and  rays 
first  appeared  as  an  adaptation  to  bottom  dwelling  and  mollusc  feeding. 

The  Osteichthyes  first  appeared  in  the  early  Devonian,  thus  ante- 
dating the  sharks.  It  is  suggestive  from  this  evidence  that  bone  is 
earlier  in  its  origin  than  cartilage,  and  that  the  cartilaginous  skeleton 
of  the  Chondrichthyes  is  secondarily  derived.  The  bony  fish  originated 
in  fresh  water,  and  during  the  Mesozoic  they  invaded  the  sea.  At  the 
beginning  of  the  fossil  record,  the  two  subclasses  (Actinopterygii  and 
Choanichthyes)  were  separate.  The  Choanichthyes  became  the  dom- 
inant group  of  bony  fish  during  the  Devonian ;  these  were  the  crossop- 
terygians  which  later  were  destined  to  give  rise  to  the  amphibians.     Side 
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branches  from  this  line  developed  as  lungfishes  and  as  coelacanths. 
The  latter  were  thought  to  have  become  extinct  during  the  Cretaceous. 
In  1937,  however,  a  living  specimen  of  the  genus  Latimeria  was  caught 
at  a  great  depth  off  the  coast  of  South  Africa.  The  other  subclass,  the 
Actinopterygii,  developed  into  three  groups  which  may  be  considered 
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Fig.  190. — A  simplified  family  tree  of  the  bony  fish.     (From  Romer: 
The  Vertebrate  Body,  W.   B.   Saunders   Company.) 


as  superorders.  One  of  these,  the  Chondrostei,  first  appeared  in  the 
Paleozoic  as  the  small,  almost  sharklike  palaeoniscids.  These  gave 
rise  to  the  modern  sturgeons,  Aclpenser,  the  paddlefish  Polyodon,  and 
the  African  Polypterus.  In  the  middle  Mesozoic,  the  Holostei  became 
most  abundant  and  at  present  are  represented  by  the  gars  Lepisosteus 
and  the  bowfin  Amia.    The  Teleostei  apparently  arose  during  the  Meso- 
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zoic  and  are  at  present  the  dominant  group  of  all  waters.  These  are  the 
abundant,  important  forms  that  seem  to  have  taken  on  all  possible 
shapes,  appearances,  and  habits. 

THE  CLASS  AGNATHA 

The  members  of  this  class  are  often  considered  to  be  the  most 
primitive  of  all  the  living  vertebrates  inasmuch  as  they  do  not  possess 
true  jaws  and  their  vertebrae  are  little  more  than  small  arches  over 
the  notochord.  Despite  these  seeming  limitations  of  structure,  the 
modern  Agnatha  are  a  successful  group  of  animals ;  in  fact,  at  times 
they  assume  a  role  of  great  economic  importance. 

The  hagfish  and  lamprey  eels  are  the  only  living  members  of  this 
class,  and  the  ostracoderms  are  ancient  representatives. 

Characteristics  of  the  Class. — The  most  characteristic  feature  of 
the  living  members  of  the  class,  and  the  one  from  which  the  name  is 
derived,  is  their  possession  of  a  round,  jawless  oral  or  buccal  funnel 
which  may  be  used  as  a  sucker.  It  is  surrounded  by  papillae  or  ten- 
tacles, and  has  the  mouth  at  its  apex.  In  position,  this  buccal  funnel 
is  ventral  and  anterior.  The  body  of  the  animal  is  round  and  elongate 
with  a  compressed  tail  region.  There  is  a  median  dorsal  fin,  but  no 
paired  fins.  The  body  is  scaleless  and  is  provided  with  many  mucous 
glands.  The  poorly  developed  skull  and  visceral  arches  are  composed 
of  cartilage,  and  the  notochord  persists  throughout  life.  The  vertebrae 
are  only  small  neural  arches.  The  gills  number  6  to  14;  there  is  a 
two-chambered  heart  and  many  aortic  arches.  But  a  single  gonad  is 
present,  and  it  is  not  provided  with  ducts.  There  is  a  urogenital  papilla 
with  an  opening  through  which  the  eggs  or  sperm  and  urinary  wastes 
are  discharged  to  the  outside. 

There  is  a  single  median  nasal  sac  with  endings  from  the  olfactory 
nerve  terminating  in  it.  The  species  possess  paired  eyes,  a  well-de- 
veloped median  pineal  eye  complete  with  a  lens  and  retina,  and  paired 
organs  of  equilibrium,  each  of  which  contains  one  or  two  semicircular 
canals. 

Divisions  of  the  Class  Agnatha. — There  are  but  two  orders  in 
this  class.     They  are : 

Order  1.     Osteostraci.     Fossil  forms  with  expanded  head  region.     Example: 
the  ostracoderms. 

Order  2.    Cyclostomata.    Elongated,  eel-like  animals  without  scales. 
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Suborder  1.  Petromyzontia.  Nasal  aperture  dorsal,  having  no  connection 
with  the  mouth,  with  seven  pairs  of  gill  pouches  and  well-developed 
branchial  basket.  Examples :  lamprey  eel,  Petromyson;  the  brook  lamprey, 
Ichthyomyson. 

Suborder  2.  Myxinoidea.  Nasal  apertures  terminal,  having  duct  to  pharynx, 
branchial  basket  poorly  developed,  buccal  funnel  lacking,  without  larval 
stage,  with  tentacles  around  mouth.  Examples:  hagfish,  Myxine,  along 
the  Atlantic;  and  Epiatrctus  of  the  Pacific. 

Anatomy  of  Petromyzon  marinus,  the  Sea  Lamprey. — P.  mar- 
inus  is  common  along  both  coasts  of  the  United  States  and  has  recently 
extended  its  range  into  the  Great  Lakes.  It  is  a  slender,  cylindrical,  gray 
animal  about  3  feet  in  length  (Fig.  193,  b).  In  the  posterior  region,  it  is 
laterally  compressed ;  dorsally  there  are  two  fins  and  caudally  one.  At 
the  anterior  end,  the  buccal  funnel  is  margined  by  soft  papillae  and  con- 
tains horny  teeth.  The  mouth  is  at  the  apex  of  this  funnel.  A  tongue 
provided  with  teeth  is  just  below  the  mouth.  The  eyes  are  located  on 
the  dorsal  surface,  and  between  them  is  the  single  nasal  aperture.  Pos- 
terior to  the  nasal  opening  is  the  pineal  eye  which  is  covered  by  skin. 
Just  posterior  to  the  eyes  are  the  seven  pairs  of  gill  slits.  On  each 
side  of  the  body  is  a  row  of  lateral  sense  organs,  the  lateral  line.  At 
the  posterior  end,  on  the  ventral  surface  is  the  anus;  posterior  to  it  is 
the  urogenital  papilla  with  its  common  opening  for  the  urinary  and  re- 
productive systems. 

The  cartilaginous  skeleton  is  quite  limited  in  its  development.  It 
consists  of  the  notochord  which  serves  as  the  axial  skeleton,  the  com- 
plex skull,  the  cartilage  of  the  tongue,  a  ring  of  cartilage  surrounding 
the  buccal  funnel,  the  paired  visceral  arches  in  the  gill  region,  and  small 
arches  dorsal  to  the  notochord.  The  muscles  of  the  body  wall  are 
segmentally  arranged  in  a  2  manner  similar  to  that  found  in  fish.  The 
tongue  and  buccal  funnel  are  also  well  provided  with  muscles. 

Leading  from  the  mouth  is  the  short  pharynx.  From  the  pharynx 
the  digestive  tract  divides  into  two  tubes:  a  dorsal  esophagus  and  a 
ventral  respiratory  tube  which  is  guarded  by  a  special  fold,  the  velum. 
The  esophagus  opens  directly  into  the  intestine,  for  there  is  no  stomach. 
The  digestive  and  absorptive  surface  of  the  intestine  is  increased  by  the 
presence  of  an  inner  longitudinal  fold,  a  typhlosole  or  spiral  valve.  The 
intestine  terminates  in  the  anus.  There  is  but  a  single  digestive  gland 
which  is  termed  a  "liver,"  but  it  is  without  a  bile  duct. 
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Respiration  is  made  possible  by  the  seven  pairs  of  gill  pouches 
which  are  well  provided  with  gill  filaments.  Internally  these  pouches 
are  connected  to  the  buccal  cavity  by  means  of  the  respiratory  tube. 
Water,  however,  does  not  pass  through  the  mouth  and  over  the  gills 
as  is  typical  of  most  fish;  instead,  the  water  passes  in  and  out  of  the 
gill  slits.  Such  an  arrangement  is  imperative  in  an  animal  like  the 
lamprey  which  remains  attached  for  periods  of  time  to  its  prey. 

At  the  posterior  end  of  the  branchial  basket  is  the  pericardial  sac 
which  contains  the  heart.  There  are  but  two  chambers  to  the  heart: 
the  ventricle  and  auricle.  There  is  a  series  of  veins  and  arteries  and 
lymphatic  sinuses  that  distribute  the  blood  throughout  the  body. 


NASAL  OPENING. 
PITUITARY    SAC  . 


uiierirc  renpuACiiK    ^—NEBVE  CORD    -NOTOCHORD 

^FACTORY  BRAIN    ^MUSCLES  ESOPHAGUS /^pQ^^^^p^^^  ^ 


Fig.   191. — Sagittal  section  of  ttie  anterior  end  of  the 
adult  sea   lamprey,  Petromyzon. 


The  brain  is  relatively  small  and  contains  a  pair  of  olfactory  lobes, 
small  cerebral  hemispheres,  a  diencephalon,  a  pair  of  large  optic  lobes,  a 
small  cerebellum,  and  a  well-developed  medulla.  Ventral  to  the  dien- 
cephalon is  the  infundibulmn  and  dorsally  the  pineal  body.  The  spinal 
cord  is  quite  flat,  and  there  are  no  sympathetic  ganglia. 

The  sense  organs  include  the  olfactory  sac,  the  paired  eyes,  the 
median  pineal  eye,  and  the  auditory  capsule.  Taste  buds  are  present  on 
the  walls  of  the  pharynx.  A  tube,  the  pituitary  sac,  arises  from  the 
olfactory  sac,  and  in  the  region  of  the  infundibulum  forms  the  pituitary 
body. 

The  kidneys  are  on  the  dorsal  part  of  the  body  cavity  and  are  con- 
nected by  the  urinary  duct  to  the  urogenital  sinus.  This  in  turn  opens  to 
the  outside  through  the  urogenital  opening  on  the  papilla.  A  single 
gonad  is  present  and  fills  most  of  the  coelom.  The  gametes  pass  out 
into  the  body  cavity  and  go  through  two  genital  pores  into  the  uro- 
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genital  sinus,  passing  out  through  the  urogenital  opening.  Fertilization 
is  external.  In  the  adult  lamprey,  the  sexes  are  always  separate.  In 
the  immature  form,  however,  the  gonad  is  not  differentiated  into  either 
testis  or  ovary. 

The  Life  History  of  Petromyzon  marinus. — When  the  sea  lam- 
prey becomes  sexually  mature  in  early  summer,  it  migrates  up  streams 
to  shallow  areas  over  gravel  bottoms.  Here  they  move  stones  about 
by  means  of  the  buccal  cavity  to  produce  a  small  depression  in  which 
the  eggs  are  deposited.  The  female  attaches  herself  to  a  stone  in  the 
nest  by  means  of  the  buccal  cavity  while  the  male  twines  himself  about 
her.  The  eggs  and  sperm  are  discharged  simultaneously  with  a  single 
female  releasing  from  24,000  to  107,000  eggs  at  a  time.  The  larvae 
hatch  in  about  20  days  and  gradually  drift  downstream  with  the  cur- 
rent. When  they  encounter  a  mud  bottom,  the  larvae  burrow  to  form 
a  U-shaped  tube  and  remain  in  this  area  for  approximately  four  years. 
At  this  time,  the  larvae  are  known  as  ammocoetes.  In  many  ways  they 
resemble  amphioxus  in  appearance :  they  are  blind  and  feed  on  mate- 
rial carried  in  by  the  water  currents ;  also  they  possess  an  endostyle 
which  produces  mucus  for  trapping  and  concentrating  food. 


VELUM 

PHARYNX 

ENDOSTYLE 


Fig.   192. — Ammocoetes  larva  of  the  lamprey. 


After  remaining  as  an  ammocoetes  for  about  four  years,  the  lam- 
prey metamorphoses  into  the  adult.  It  then  must  feed  on  other  fish. 
It  does  this  by  attaching  to  the  fish  by  means  of  the  buccal  funnel,  rasp- 
ing a  hole  into  the  body  wall  with  its  teeth,  and  then  sucking  the  blood 
and  bits  of  fiesh.  The  effect  of  these  attacks  on  fish  is  often  fatal 
to  the  host. 

Economic  Importance  of  Petromyzon. — Attacks  of  this  sort  on 
economically  important  food  fish  often  attain  great  importance.  This 
is  particularly  true  in  areas  where  the  lampreys  have  but  recently  mi- 
grated. In  recent  years,  the  damage  done  by  the  lampreys  has  become 
of  great  importance  in  the  fresh-water  fisheries  of  the  Great  Lakes. 
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The  opening  of  the  St.  Lawrence  Waterway  has  permitted  this  ver- 
satile animal  to  spread  its  range  to  the  upper  Great  Lakes.  Here  they 
have  attacked  many  of  the  commercially  important  fish  such  as  lake 
trout  and  cisco.  Unless  effective  control  measures  are  found,  the 
Great  Lakes  fisheries  may  be  ruined.  One  method  which  has  been  tried 
is  based  on  the  knowledge  that  the  lampreys  go  up  the  small  streams  to 
breed.  Fences  built  across  these  streams  have  been  suggested  as  bar- 
riers. This,  however,  is  very  expensive  and  quite  difficult  when  one 
thinks  of  the  millions  of  small  streams  that  pour  their  waters  into  the 


Fig.  193. — Some  representatives  of  the  class  Agnatha.     a,  Myxine,  the  hagfish; 
b,  Petromyzon,   the  sea  lamprey;   c,  an  ostracoderm. 

Great  Lakes.  A  more  recent  development  has  been  to  place  metal 
poles  at  the  tributaries'  mouths.  The  lamprey  will  attach  to  any  ob- 
ject, so  they  cling  temporarily  to  these  poles  where  they  may  be  killed 
by  an  electrical  current.  This  method  is  still  not  too  effective  due  to  the 
expense  involved.  At  the  moment,  the  lampreys  seem  to  be  increas- 
ing in  number  and  even  spreading  into  the  rivers.  So  thick  have  they 
become  in  some  areas  that  there  are  reports  of  their  attacking  swim- 
mers. 
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Other  Cyclostonies. — In  addition  to  the  parasitic  lampreys,  there 
is  another  group  of  fresh-water  forms,  the  brook  lampreys.  Their 
life  history  is  similar  to  that  of  the  sea  lampreys,  but  the  adults  do  not 
feed.  A  fleshy  hood  extends  over  the  mouth  and  the  adults  simply 
breed  and  die.  These  abundant  animals  of  our  small  streams  should 
not  be  confused  with  the  parasitic  lampreys  as  they  do  no  harm  to  any 
fish. 

The  hagfishes  are  marine  forms,  often  termed  the  myxinoids  due 
to  their  ability  to  produce  enormous  amounts  of  slime.  In  general,  the 
hagfishes  should  be  considered  as  scavengers,  inasmuch  as  they  feed  on 
dead  or  dying  fish.  Often  they  cause  considerable  loss  to  fishermen  by 
attacking  fish  caught  in  nets.  In  feeding,  they  enter  through  the  anus 
of  the  fish  and  clean  out  the  entire  visceral  mass,  leaving  only  the  empty 
outer  skin  and  bones. 

The  hagfishes  have  an  unusual  gonadal  development.  There  is  a 
common  sex  organ  in  each  individual,  but  only  the  male  or  the  female 
portion  develops.  One  portion  thus  is  functional,  while  the  other 
remains  rudimentary. 

THE  CLASS  CHONDRICHTHYES 

Those  fish  possessing  true  jaws  are  divided  by  ichthyologists  into 
two  main  classes :  the  Chondnchthyes  including  the  sharks,  rays,  and 
chimaeras,  and  the  Ostcichthycs  containing  the  true  bony  fish.  The 
elasmohranchs,  as  the  members  of  Chondrichthyes  are  known,  are  a  very 
ancient  group  as  judged  by  their  fossil  record.  They  date  from  the 
Silurian  era  and  have  been  abundant  since  that  time  in  the  ocean.  Only 
a  few  have  managed  to  survive  in  fresh-water  lakes ;  in  such  cases,  the 
sharks  have  not  invaded  the  fresh  water,  rather  they  have  been  iso- 
lated by  geologic  changes.  These  land-locked  sharks  are  found  in  Lake 
Nicaragua  in  Central  America  and  in  some  of  the  lakes  of  the  African 
Rift  Valley. 

The  Characteristics  of  the  Class. — All  the  members  of  this  class 
have  skeletons  composed  of  cartilage  and  a  persistent  notochord.  The 
vertebrae,  however,  are  separate  and  complete.  The  mouth  is  ventral 
in  position  and  is  provided  with  numerous  teeth  capped  with  a  hard 
dentine.  The  tough  skin  has  placoid  scales  (Fig.  22,C)  and  many  glands 
which  secrete  mucus.  There  are  paired  pectoral  and  pelvic  fins  as  well 
as  unpaired  dorsal  and  caudal  fins.  The  pelvic  fins  of  the  male  possess 
claspers.    There  are  but  two  chambers  in  the  heart :  a  single  auricle  and 
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a  single  ventricle.  Only  venous  blood  is  present  in  the  heart.  There 
are  from  five  to  seven  pairs  of  gills,  each  in  a  separate  pocket.  These 
open  to  the  outside  by  means  of  uncovered  gill  slits.  The  olfactory  sac 
is  not  connected  with  the  mouth,  and  the  intestine  has  a  spiral  valve 
which  increases  the  digestive  surface.  The  sexes  are  separate,  fertiliza- 
tion is  internal,  and  the  eggs  are  provided  with  large  amounts  of  yolk. 
Most  species  are  ovoviviparous,  with  the  ^gg  being  retained  in  the 
modified  oviduct;  others  are  oviparous.  In  all  cases,  development  is 
direct  without  intervening  larval  stages. 

The  Classification  of  the  Class  Chondrichthyes. — The  mem- 
bers of  this  comparatively  uniform  group  are  divided  into  two  sub- 
classes and  several  orders  as  follows : 

Subclass   1.     Elasmobranchii.     Fish   with  numerous   placoid  scales,   gills  not 
covered  with  an  operculum,  with  paired  olfactory  sacs,  spiracle  and  cloaca. 

Order  1.  Selachii.  With  spindle-shaped  bodies,  five  to  seven  lateral  gill 
slits.  Examples:  dogfish  shark,  Squalus;  the  hammerhead,  Sphyrna; 
whale  shark,  Rhincodon ;  white  shark,  Carcharodon;  and  the  basking 
shark,  Cetorhinus. 

Order  2.  Batoidea.  Body  typically  flattened,  with  large  pectoral  fins, 
five  pairs  of  ventral  gill  slits.  Examples :  common  ray.  Raja;  the 
electric  ray,  Torpedo;  the  sawfish,  Pristis;  manta  or  devil  ray,  Mania; 
and  the  stingray,  Dasyatis. 

Subclass  2.     Holocephali.     Fish  with  but  one  olfactory  sac,  gill  slits  covered 
by  operculum,  no  spiracle  or  cloaca  present,  with  but  few  scales. 

Order  1.  Chimaerae.  With  characters  as  above.  Example :  chimaeras, 
Chimaera. 

The  Anatomy  of  Squalus  acanthias,  the  Dogfish  Shark. — This 
abundant,  small  shark  is  found  along  the  coastal  waters  of  the  North 
Atlantic.  The  adult  attains  a  length  of  about  2^  feet  when  mature 
and  has  a  gray  colored,  spindle-shaped  body.  Covering  the  surface  of 
the  body  are  many  small  placoid  scales  whose  projecting  spines  give  a 
roughened  texture. 

The  head  is  pointed  anteriorly  and  flattened  above ;  located  on  the 
ventral  surface  is  the  transverse  slitlike  mouth  which  is  well  supplied 
with  teeth.  On  either  side  of  the  head  is  a  large  eye  and  anterior  to 
the  mouth  on  the  ventral  surface  are  the  paired  olfactory  organs.  There 
are  paired  pectoral  and  pelvic  fins;  the  pectoral  fins  of  the  male  possess 
cartilaginous  claspers  which  are  used   as   intermittent  organs   during 
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copulation.  Dorsally  there  are  two  fins,  each  preceded  by  a  heavy 
spine.  The  caudal  fin  or  tail  is  heterocercal  (Fig.  197),  that  is,  the 
vertebrae  extend  into  the  dorsal  lobe.  Anterior  to  each  pectoral  fin  is  a 
series  of  six  gill  slits  with  the  first  gill  slit  being  modified  into  the  spiracle. 
The  cloacal  opening  is  between  the  pelvic  fins. 

The  cartilaginous  skeleton  consists  of  three  main  portions :  the 
axial,  the  visceral,  and  the  appendicular.  The  axial  skeleton  is  formed 
of  the  vertebrae  and  skull.  The  centra  of  each  vertebra  is  hourglass 
shaped,  with  the  notochord  persisting  between  them.  There  are  well- 
developed  neural  and  heinal  arches.  The  skull  consists  of  the  cranium, 
two  nasal  capsules,  and  two  auditory  capsules.  Associated  with  it  are 
portions  of  the  visceral  skeleton  including  the  jaws  and  hyoid  arch. 
In  addition  there  are  five  branchial  arches  supporting  the  gills.  The 
appendicular  skeleton  is  the  pectoral  girdle,  the  pelvic  girdle,  and  the 
cartilage  of  the  fins. 

The  muscles  of  the  body  wall  are  segmentally  arranged  and  make 
possible  the  lateral  undulations  of  the  body  b}-  which  the  fish  moves. 
The  muscles  of  the  paired  fins,  head,  and  branchial  region  are  more 
highly  modified. 

The  long  digestive  tract  begins  in  the  mouth  where  the  well-de- 
veloped teeth  grasp  and  hold  the  prey.  On  the  floor  of  the  mouth  is 
the  flattened  tongue.  The  mouth  opens  into  the  wide  pharynx  which 
has  connections  to  the  gill  slits  and  spiracles.  Food  passes  from  the 
pharynx  through  the  esophagus  and  then  into  the  large  J-shaped  stomach. 
The  stomach  is  separated  from  the  intestine  by  the  pyloric  valve.  The 
intestine  has  its  surface  enormously  increased  by  a  spiral  membranous 
fold,  the  spiral  valve.  The  intestine  terminates  in  the  cloaca.  Associ- 
ated with  the  digestive  tract  are  a  series  of  digestive  glands.  The  large 
liver  is  formed  of  two  lobes  and  stores  its  bile  in  a  gall  bladder  from 
which  the  bile  passes  through  a  bile  duct  into  the  intestine.  There  is  a 
pancreas,  and  at  the  junction  of  the  intestine  and  cloaca  is  a  small  rectal 
gland  which  secretes  mucus.  A  spleen  is  also  present  in  this  portion  of 
the  coelom. 

A  transverse  septum  divides  the  portion  of  the  coelom  containing 
the  main  part  of  the  digestive  tract  from  the  heart  region. 

Four  chambers  may  be  recognized  in  the  heart :  the  thin-walled 
sinus  venosus  which  receives  the  venous  blood,  an  auricle,  a  thick-walled 
ventricle,  and  the  conus  arteriosus.  From  the  conus  arteriosus,  the 
ventral  aorta  carries  the  blood  forward  into  the  afferent  branchial  ar- 
teries.    After  the  blood  is  oxygenated  in  the  gills,  ejferent  branchial 
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Fig      194 The     anatomy    of    Squalus    acanthias,    the    dogfish    shark.       (From 

egner  and  Stiles:     College   Zoology,   Copyright,    1951,   The   Macmillan   Company,) 
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arteries  carry  it  to  the  dorsal  aorta  from  which  it  is  distributed  by  vari- 
ous arteries  to  all  parts  of  the  body.  A  series  of  veins  return  the  blood 
to  the  heart.  There  is  both  a  hepatic  portal  and  a  renal  portal  system. 
The  hepatic  portal  system  carries  the  blood  from  the  digestive  tract 
to  the  liver,  while  the  renal  portal  carries  it  from  the  tail  region  to  the 
kidneys. 

For  respiratory  exchange,  oxygen-laden  water  enters  the  mouth 
and  passes  through  the  pharynx,  past  the  gills  and  out  through  the 
spiracles  and  gill  slits.  Gaseous  exchange  takes  place  through  the 
walls  of  the  capillaries  of  the  gill  filaments. 

The  two  niesonephric  kidneys  are  just  above  the  peritoneum.  Small 
tubules  from  each  join  to  form  the  urinary  ducts  which  open  in  the 
urogenital  papilla  which  lies  in  the  cloaca. 

The  shark  has  a  well-developed  nervous  system  with  a  much  more 
highly  developed  brain  than  that  possessed  by  the  cyclostomes.  The 
olfactory  lobes  are  large  and  well  developed,  the  cerebrum  has  two  small 
cerebral  hemispheres  above ;  there  is  a  diencephalon  with  a  pineal  body 
and  an  injundibulum,  two  optic  lobes,  a  cerebellum,  and  a  medulla. 
Eleven  pairs  of  cranial  nerves  supply  the  various  sense  organs  and  mus- 
cles of  the  head  region.    From  the  spinal  cord,  paired  nerves  arise. 

The  sense  organs  are  comparatively  well  developed  and  include  the 
olfactory  sac,  the  eyes,  the  ears,  and  the  lateral  line  organs.  In  the  head 
region  are  a  series  of  mucous  canals  which  terminate  in  ampullae 
at  the  end  of  the  snout.     Possibly  these  are  also  sensory  in  function. 

The  sexes  are  separate,  the  male  possesses  two  testes  which  are 
in  the  anterior  part  of  the  body  cavity.  The  vas  efjerentia  from  each 
testis  forms  a  convoluted  vas  deferens  which  empties  into  the  urogenital 
papilla.  The  paired  ovaries  of  the  female  are  in  the  dorsal  wall  of  the 
abdominal  cavity.  The  eggs  pass  from  the  ovaries  and  enter  the 
ostia  of  the  oviducts.  The  anterior  portion  of  each  oviduct  is  enlarged 
into  a  shell  gland,  and  the  posterior  part  into  the  uterus.  Each  oviduct 
opens  into  the  cloaca.  The  young  are  retained  in  the  uterus  during  their 
developmental  period  and  are  nourished  by  means  of  the  large  yolk 
sac. 

Other  Elasniobranchs. — Fossil  remains  indicate  that  during  the 
Silurian  and  Devonian  periods,  the  elasmobranchs  were  extremely 
abundant  with  the  giant  sharks  dominating  the  seas.  Even  today,  the 
elasmobranchs  have  successfully  exploited  many  of  the  different  habitats 
of  the  ocean. 
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The  typical  shark  has  the  streamHned  torpedo-Hke  shape  exempli- 
fied by  the  dogfish.  These  animals  are  nearly  all  predaceous  and  are 
rapid-swimming  forms.  Some  of  these  are  the  largest  fish  found  in  the 
ocean.  One,  the  gigantic  whale  shark  Rhincodon,  may  be  up  to  50 
feet  in  length ;  another,  the  basking  shark,  Cetorhinus,  may  be  nearly  as 
big.  The  latter  receives  its  name  from  its  habits  of  browsing  on  plank- 
ton near  the  ocean's  surface.  Both  of  these  latter  forms  are  essentially 
planktonic  feeders,  and  cannot  be  considered  as  dangerous  species.  The 
great  white  shark,  Carcharodon,  which  dwells  in  the  coastal  waters 
of  Australia  has  the  reputation  of  attacking  bathers  and  is  much  feared. 
Most  sharks,  however,  are  not  dangerous,  but  during  accidents  when 
blood  excites  them,  they  may  snap  indiscriminately  and  thus  inflict 
damage. 


Fig.  195. — Some  examples  of  the  class  Chondrichthyes.  a,  Pristis,  the  sawfish; 
b,  Sgualus,  the  dogfish  shark;  c,  Sphyrna,  the  hammerhead  shark;  d,  Cetorhinus, 
the  basking  shark;  e,  Rhincodon,  the  whale  shark;  j",  Carcharodon,  the  white  shark; 
(I,  Manta,  the  Manta  or  devil  ray;  h,  Dasyatis,  the  stingray;  i,  Torpedo,  the  electric 
ray;  J,  Raja,  the  common  ray;  k,  Chimaera,  a  chimaera. 


Quite  unlike  the  sharks  in  general  appearance  are  the  rays  which 
are  adapted  for  bottom  dwelling.  They  are  flattened  forms  and  have 
the  gill  slits  ventral  in  position.     Most  of  these  are  small  in  size,  that 
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is,  from  1  to  3  feet  in  length,  but  the  great  manta  ray  or  devilfish, 
Manta,  may  be  17  feet  long  and  20  feet  across.  The  food  of  these  forms 
is  chiefly  molluscs  and  crabs.  Some  highly  modified  rays  are  the  saw 
fish  with  its  peculiar  elongate  saw  snout,  the  stingrays  with  their  sting 
at  the  base  of  the  tail,  and  the  electric  rays  with  their  electric  organs. 
The  eggs  of  many  sharks  and  rays  are  contained  in  peculiar  H- 
shaped  capsules.  The  prolonged  tendrils  of  these  capsules  perhaps  en- 
tangle in  the  sea  weeds  and  thus  stay  afloat.  They  are  commonly  seen 
on  the  shores  after  being  washed  up. 

The  Chiniaeras. — The  chimaeras  are  strange  looking  fish  with 
protruding  eyes  and  smooth  skin.  They  have  a  slender  tail,  large 
pectoral  fins,  and  a  series  of  very  prominent  sense  organs  that  form  the 
lateral  line  system.  Unlike  the  other  Chondrichthyes,  the  upper  jaw 
of  the  chimaeras  is  fused  immovably  to  the  cranium.  These  fish  are 
chiefly  mollusc  eaters. 

Economic  Importance.— In  many  areas,  sharks  and  skates  are 
used  as  food,  but  of  greater  importance  is  the  oil  of  the  shark  liver 
which  has  a  high  content  of  vitamin  A.  Inasmuch  as  the  liver  is  very 
large  in  most  sharks,  this  is  an  excellent  source  of  high  quality  oil. 
The  number  of  dogfish  shark  used  for  laboratory  dissections  in  colleges 
constitutes  an  important  business  for  some  marine  areas.  Shark  skin 
has  at  times  been  used  as  an  abrasive  known  as  shagreen. 


*■&>' 


THE  CLASS  OSTEICHTHYES 

The  most  abundant  of  the  fishlike  animals  are  the  members  of  this 
class.  Nearly  all  forms  are  characterized  by  the  presence  of  a  true  bony 
skeleton  and  in  having  a  body  covered  with  scales. 

The  members  of  this  class  are  found  in  all  types  of  fresh  water,  in 
all  parts  of  the  ocean,  and  a  few  are  even  temporary  invaders  of  the  land. 
As  would  be  expected  from  their  general  abundance,  these  fish  are  a  very 
successful  group  of  animals  that  show  great  variation  in  size,  habits, 
and  appearance. 

In  size,  they  vary  from  a  small  Philippine  fish  (Mistichthys)  of 
less  than  one-half  inch  in  length  to  forms  such  as  the  giant  ocean  sun- 
fish  (Mola  mola)  which  has  been  known  to  attain  a  weight  of  more 
than  a  ton  and  a  length  of  at  least  11  feet.  In  form  the  fish  are  so 
varied  as  to  make  generalizations  impossible.  There  are  those  that  have 
the  familiar  torpedo-shaped  body,  some  are  flattened,  some  are  enor- 


582         The  Animal  Kingdom 

mously  elongate,  some  resemble  round  balls,  and  some  look  like  slender 
ribbons  attached  to  huge  gaping  jaws.  In  habits,  the  fish  are  equally 
varied.  Some  care  for  the  young  to  the  extent  of  building  complex 
nests  or  even  to  retaining  the  eggs  within  the  mouth  until  hatching; 
others,  as  a  contrast,  simply  strew  their  eggs  at  the  water's  surface  and 
rely  for  their  survival  on  the  fact  that  enormous  numbers  of  eggs  are 
produced.  While  many  fish  live  rather  solitary  lives,  coming  together 
only  for  mating  or  feeding,  others  travel  in  large  groups  or  schools,  and 
some  have  developed  complex  commensal  relationships  with  other  ani- 
mals. Among  these  last  forms  are  some  which  dwell  in  the  spongocoel 
of  the  sponges. 

Characteristics  of  the  Glass  Osteichthyes. — Nearly  all  the  fish 
belonging  to  this  class  possess  ossified  skeletons  with  the  notochord  re- 
duced to  pads  between  the  well-developed  vertebrae.  There  are  both 
median  and  paired  fins  which  are  supported  by  fin  rays.  The  terminal 
mouth  has  well-developed  jaws  articulated  to  the  skull.  Usually  there 
are  numerous  teeth  present.  The  skin  surface  is  covered  with  scales  of 
the  cycloid  or  ctenoid  type  in  most  species,  and  there  are  many  mucous 
glands.  The  gills  of  each  side  are  in  a  common  chamber  covered  with 
a  bony  operculum.  The  paired  olfactory  organs  usually  do  not  open 
into  the  mouth  cavity,  and  the  eyes  are  without  lids.  Many  species 
possess  a  hydrostatic  organ,  the  simm  bladder,  which  in  some  few  forms 
serves  as  an  accessory  respiratory  organ.  The  heart  has  three  cham- 
bers, with  a  single  auricle,  ventricle,  and  sinus  venosus,  and  carries 
only  venous  blood.  The  sexes  are  always  separate,  and  the  gonads  are 
paired.  Species  are  either  oviparous  or  ovoviviparous.  Some  possess 
larvae  quite  unlike  the  adults,  but  most  have  direct  development. 

The  Subclasses  of  the  Class  Osteichthyes. — Two  large  divisions 
are  recognized  among  the  members  of  this  varied  class. 

Subclass  I.     Actinopterygii.     Without  internal  nostrils,  with  paired  fins  usu- 
ally supplied  with  rays. 

Superorder  1.  Chondrostei.  The  so-called  ancient  fish,  with  at  present 
only  a  few  living  representatives.  The  internal  skeletal  supports  are 
fewer  in  number  than  the  fin  rays  of  the  dorsal  and  anal  fins.  Ex- 
amples:    Sturgeon,  Acipenser;  spoonbill,  Polyodon;  bichir,  Polypterus. 

Superorder  2.  Holostei.  With  modified  heterocercal  tail,  shorter  jaws. 
Examples  :  bowfin,  Amia;  and  gar,  Lepisost/eus. 

Superorder  3.  Teleostei.  Modern  bony  fish  which  possess  homocercal 
tail.    Example :  perch,  Perca. 
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Subclass    II.      Choanichthyes.      With   internal   nostrils   and    fleshy    lobed   fins. 

Order  1.     Crossopterygii.     With  typical  lobed  fins;  forms  which  are  pos- 
sibly ancestral  to  land  vertebrates.    Example :  Latimeria. 

Order  2.    Dipnoi.    Fish  having  air  bladder  modified  for  respiration.     The 
lungfish :  Lepidosiren  of  South  America ;  Protopterus  of  central  Africa. 

The  Anatomy  of  the  Perch,  Perca  flavescens. — While  there  is 
great  variation  in  both  the  external  and  internal  anatomy  of  fish,  the 
yellow  perch,  Perca  flavescens,  may  be  studied  as  an  example.  This 
fresh-water  species  is  common  throughout  the  northeastern  United 
States  and  attains  about  a  foot  in  length  when  adult.  It  is  an  important 
food  fish. 

Externally   three   distinct   regions   can   be   recognized :     the   head, 
trunk,  and  tail.     In  the  head  region,  the  large  terminal  mouth  with  its 
many  fine  teeth  is  the  most  conspicuous  feature.     Above  the  mouth  are 
the  openings  of  the  paired  double  olfactory  sacs.     Slightly  posterior  to 
the  nares  are  the  two  large  laterally  placed  eyes.    At  the  posterior  por- 
tion of  the  head  are  the  large  opercula  which  cover  the  gills.     The  skin 
surface  is  covered  with  a  large  number  of  ctenoid  scales;  these  dermal 
scales  overlap  like  shingles  and  form  the  exoskeleton   of  the  animal. 
There  are  several  fins  present :       the  paired  pelvic  and  pectoral  fins, 
two  unpaired  dorsal  fins,  the  unpaired  anal  fin,  and  the  single  large 
caudal  fin  or  tail.    The  fins  are  supported  by  the  fn  rays  or  spines.    The 
anterior  dorsal  fin  and  the  anterior  portion  of  the  anal  and  pelvic  fins 
are  supported  by  spines.     These  are  unbranched  and  unjointed.     The 
other  fins  or  portions  of  fins  are  supported  by  fin  rays  which  are  jointed, 
branched,  and  soft.     Forward  movement  of  the  perch  is  due   chiefly 
to  lateral  lashings  of  the  tail  fin  and  portions  of  the  trunk.    During  very 
slow  swimming,  the  paired  lateral  fins  move  back  and  forth  in  short 
strokes.     With  the  caudal  fin,  these  latter  are  important  in  steering. 
The  paired  lateral  fins  also  aid  in  up  and  down  movements.     The  anal 
and  dorsal  fins  are  important  for  maintaining  equilibrium.     The  verte- 
brae extend  only  slightly  into  the  dorsal  lobe  of  the  tail  fin :  this  type 
is  known  as  the  homocercal  tail  (Fig.  197),  with  the  dorsal  and  ventral 
lobes  being  equal  in  size.    Along  the  sides  of  the  body  the  lateral  line  is 
evident.    This  is  made  up  of  a  row  of  small  sensory  pits  which  respond 
to  changes  in  direction  and  flow  of  water  as  well  as  to  water  pressure. 
The  internal  bony  skeleton  of  the  perch  is  complex  and  consists 
of  many  individual  bones.    The  axial  skeleton  is  made  up  of  the  cranium, 
vertebrae,  and  ribs.     The  cranium  is  composed  of  a  number  of  bony 
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units,  some  paired  and  some  unpaired.  In  fact  there  are  some  forty- 
named  bones  that  have  been  identified.  Some  of  these  bones  have  their 
origin  in  cartilage  and  others  are  laid  down  as  membrane  bones,  re- 
sulting from  the  ossification  of  connective  tissue.  Associated  with  the 
cranium  are  the  capsules  for  the  protection  of  the  sense  organs.  The 
vertebral  column  is  made  up  of  a  large  number  of  similar  vertebrae.  The 
centra  of  each  vertebra  is  concave  on  both  the  anterior  and  posterior 
faces.  Between  these  centra  are  the  remnants  of  the  notochord.  Dorsal 
to  the  centra  is  the  small  neural  arch  through  which  the  nerve  cord 
passes  and  an  elongated  neural  spine.  Laterally  from  the  centra  extend 
the  paired  parapophyses.  In  addition,  the  vertebrae  posterior  to  the 
anus  have  a  small  hemal  arch  and  spine.  The  numerous  ribs  are  at- 
tached to  the  parapophyses.  The  visceral  skeleton  is  formed  of  seven 
paired  arches.  The  first  arch  or  the  mandibular  attaches  to  the  skull 
and  becomes  the  jaw ;  the  second,  the  hyoid,  is  in  part  a  support  for  the 
tongue  and  for  the  gill  covers;  the  remaining  arches  support  the  gills 
and  are  the  gill  arches.  Arches  three  to  six  have  the  inner  border  mar- 
gined with  special  spiny  structures,  the  gill  rakers,  which  keep  solid 
materials  from  entering  the  gill  chamber.  The  last  arch  has  no  gill. 
The  appendicular  skeleton  consists  of  the  pectoral  girdle  formed  of  a 
number  of  bones  and  articulated  to  the  skull ;  it  is  generally  considered 
that  there  is  no  true  pelvic  girdle  present.  There  is  a  pair  of  flat  bones, 
however,  to  which  the  pelvic  fins  are  attached. 

In  addition  to  these  there  are  small  intermuscular  bones  present 
between  some  of  the  ribs;  there  are  interspinal  bones  that  support  the 
dorsal  and  anal  fin  rays. 

The  body  muscles  of  the  perch  are  segmentally  arranged  as 
myotomes  and  are  in  four  longitudinal  bands.  A  single  heavy  band  is 
on  either  side  along  the  back  and  there  is  a  thinner  band  on  either  side 
of  both  the  tail  and  trunk.    The  myotomes  are  separated  by  septa. 

Within  the  mouth  of  the  yellow  perch  are  many  small  teeth  which 
function  to  hold  the  small  aquatic  invertebrates  which  constitute  its 
food.  These  teeth  are  strictly  prehensile  in  function.  The  small  tongue 
at  the  floor  of  the  mouth  functions  chiefly  as  a  sensory  organ.  Posterior 
to  the  mouth  is  the  pharynx  which  commimicates  with  the  gill  chamber 
through  four  gill  slits  on  either  side.  The  digestive  tract  continues  as 
the  short  esophagus  which  opens  into  the  curved  stomach.  The  stomach 
passes  into  the  intestine  which  is  somewhat  looped  and  ends  at  the 
anus.  At  the  junction  of  the  stomach  and  intestine  are  three  short 
pyloric  caeca.    There  is  a  large  liver  with  a  gall  bladder  and  bile  duct. 
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As  mentioned  previously  the  heart  has  three  chambers.  Venous 
blood  enters  the  sinus  venosus,  passes  into  the  auricle,  ventricle,  and 
out  through  the  conns  arteriosus,  into  the  short  ventral  aorta.  From 
the  ventral  aorta,  four  pairs  of  afferent  branchial  arteries  carry  the  blood 
to  the  gills  where  gaseous  exchange  takes  place.  From  the  gills, 
efferent  branchial  arteries  join  to  form  the  dorsal  aorta  which  distributes 
blood  throughout  the  body.  The  principal  veins  returning  blood  to  the 
sinus  venosus  are  the  anterior  and  posterior  cardinal  veins  which  join 
to  form  the  common  cardinal.  There  is  both  a  hepatic  and  renal  portal 
system. 

The  four  pairs  of  gills  supported  by  the  gill  arches  constitute  the' 
respiratory  system  of  the  fish.  Numerous  capillaries  are  present  on  the 
double  rows  of  branchial  filaments.  Oxygen-laden  water  enters  through 
the  mouth,  passes  through  the  pharynx,  out  through  the  gill  slits,  past 
the  gills,  and  exits  from  the  opening  of  the  operculum. 

A  large  air  bladder  is  present  in  the  dorsal  part  of  the  coelom.  It 
is  filled  with  a  gaseous  mixture  of  nitrogen,  oxygen,  and  carbon  dioxide 
which  is  obtained  from  capillaries  in  the  wall  of  the  bladder.  This 
organ  acts  as  a  hydrostatic  organ,  regulating  the  specific  gravity  of  the 
fish.  By  regulating  the  amount  of  air  in  the  bladder,  the  fish  is  able  to 
maintain  a  position  in  water  without  muscular  activity. 

The  long  niesonephric  kidneys  are  located  dorsal  to  the  body  cavity. 
Two  niesonephric  ducts  remove  the  urinary  wastes  to  the  urinary  bladder 
where  it  is  stored  until  voided  through  the  urogenital  opening.  This 
opening  is  just  posterior  to  the  anus. 

The  yellow  perch  has  a  well-developed  brain  (Fig.  59)  with  the 
anterior  portion  being  smaller  than  that  of  the  shark  and  the  optic  lobes 
and  cerebellum  somewhat  larger.  There  are  ten  pairs  of  cranial  nerves. 
The  spinal  cord  connects  to  the  medulla  and  passes  through  the  neural 
arches  of  the  vertebrae.    The  spinal  nerves  are  given  off  along  its  course. 

The  sense  organs  include  the  olfactory  sac,  the  eyes,  the  ears,  each 
with  three  semicircidar  canals,  and  the  lateral  line  system. 

The  sexes  are  separate.  In  the  male,  the  paired  testes  empty  the 
sperm  into  the  vasa  deferentia  which  open  through  the  urogenital  aper- 
ture. Fertilization  is  external  with  the  male  spreading  the  milt  over 
the  eggs  as  they  emerge  from  the  female.  The  thousands  of  eggs  are 
laid  in  long  ribbons.  These  eggs  are  laid  near  shore  in  the  spring  and 
hatch  in  a  few  weeks  into  the  young  fry  which  resemble  the  adults. 
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Tail  and  Scale  Variations. — Among  the  members  of  the  class 
Osteichthyes  there  are  several  different  types  of  scales.  The  three  prin- 
cipal kinds  are  the  ganoid,  cycloid,  and  ctenoid  (Fig.  22).  The  ganoid 
type  is  found  in  fish  such  as  the  gar ;  these  scales  are  somewhat  square 
in  shape  and  have  a  heavy  covering  of  an  enamel-like  material,  ganoin. 
The  cycloid  scales  are  found  among  some  of  the  more  primitive  bony 
fishes  such  as  the  pike;  these  scales  are  more  or  less  circular  in  shape 
and  have  concentric  rings.  The  more  conspicuous  of  the  rings  in  some 
of  these  forms  are  indicative  of  years  of  growth.  The  scales  occur  in 
overlapping  rows.  The  ctenoid  scales  such  as  are  found  in  the  perch 
are  very  similar  to  the  cycloid  scales  except  that  the  outer  edge  has  many 
small  spines. 

There  are  three  general  types  of  tails.  The  hcterocercal  such  as 
is  found  in  the  sharks  has  the  vertebral  column  extending  into  the  large 
upper  lobe.  The  diphycercal  is  found  in  the  lung  fish;  in  this,  the 
vertebral  column  extends  to  the  posterior  part  of  the  body,  and  the 
symmetrical  tail  is  developed  below  and  above  the  column.  The  third 
type  of  tail,  the  homocercal,  is  found  in  most  modern  fish  such  as  the 
perch.  In  this,  the  vertebrae  extend  slightly  into  the  dorsal  lobe,  but 
the  tail  is  essentially  symmetrical  (Fig.  197). 
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Fig.   197. — Types  of  fish   tails. 

Migration  of  Fish. — Most  fish  show  seasonal  movements  of  a 
migratory  type.  Among  some  it  is  simply  a  movement  toward  shal- 
lower waters  for  deposition  of  eggs,  while  in  others  migration  is  much 
more  extensive.  Some  species  of  fish  such  as  the  swordfish  migrate 
north  in  the  spring  and  south  in  the  fall.  More  spectacular  is  the  fresh- 
water eel,  which  makes  a  trip  of  thousands  of  miles  from  its  habitats  in 
the  eastern  and  middlewestern  streams  to  its  breeding  grounds  in  the 
Sargasso  Sea  near  Bermuda.  Reversing  this  process  are  the  salmon 
which  ascend  fresh-water  streams  from  their  marine  habitat  for  their 
t^gg  deposition. 
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Economic  Importance  of  Fish. — Fish  have  always  been  an  im- 
portant source  of  food  for  human  beings ;  even  today  they  are  playing 
an  increasingly  significant  role  in  our  ever-growing  needs  for  food  for 
our  expanding  population. 

When  such  generalizations  as  these  are  reduced  to  monetary  values, 
the  importance  of  the  fishing  industry  in  our  general  economy  becomes 
clearer.  In  the  year  1947,  3,819,663,000  pounds  of  fish  (both  fresh  and 
salt  water)  with  a  value  of  $208,568,000  were  caught.  With  the  ex- 
pansion of  the  frozen  food  industry  and  improved  marketing,  these  figures 
are  undoubtedly  low  for  our  present  use.  Today  it  is  as  common  to  find 
choice  marine  fishes  in  the  middlewestern  markets  as  along  the  coasts. 

Some  of  the  important  food  fish  are  the  flounders,  herrings, 
salmon,  cod,  haddock,  tuna,  and  mackerel.  In  the  Great  Lakes  areas 
the  lake  trout,  pike,  perch,  and  whitefish  are  important  commercial  fish. 

Not  only  the  fish  themselves  are  valuable  items  of  food,  but  the 
products  from  fish  such  as  fish  meal  and  oil  are  also  important.  In 
1948,  fish  scrap  and  meal  useful  as  fertilizer  and  as  pet  food  produced 
amounted  to  199,519  tons  with  a  value  of  $323,068,734.  Oil,  not  in- 
cluding vitamins,  in  1948  amounted  to  16,343,407  gallons  with  a  value 
of  $18,475,855.  Vitamins  also  are  an  important  product  of  our  fisheries; 
in  that  same  year,  740,137  gallons  with  a  value  of  $12,507,653  were 
produced. 

In  recent  years,  fishing  as  a  recreation  has  become  increasingly 
important.  This  has  secondarily  brought  about  the  development  of 
recreation  areas,  fish  hatcheries,  large  research  units  for  the  propagation 
of  fish  and  the  commercial  production  of  fishing  gear.  Of  great  interest 
to  many  hobbyists  is  the  cultivation  of  small  aquarium  fishes. 

Another  use  of  fish  that  probably  will  gain  more  importance  in  the 
future  is  their  employment  for  the  control  of  mosquito  larvae.  The  top 
minnow,  Gamhiisia,  has  been  extensively  employed  for  this  purpose  and 
has  apparently  been  successful. 

Orders  of  the  Class  Osteichthyes. — More  than  40,000  species 
of  fish  are  at  present  recognized ;  these  are  divided  into  a  varying 
number  of  orders  by  different  authorities,  with  some  workers  recognizing 
more  than  100  orders.  Obviously  it  is  impossible  to  summarize  this 
vast  number  of  animals  in  any  comprehensive  fashion.  Below,  is  listed 
some  of  the  more  important  orders  with  a  few  well-known  repre- 
sentatives. 
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Fig.  198. — Representatives  of  the  class  Osteichthyes.  a,  Polypterus,  the  bichir; 
b,  Acipenser,  the  sturgeon;  c,  Lepisosteus,  the  gar;  d,  Esox,  a  pike;  e,  Polyodon, 
the  spoonbill;  j,  Ostracion,  the  trunk  or  cow  fish;  g,  Paralichthys,  the  flounder; 
h,  Exococtus,  the  flying  fish;  i,  Remora,  the  suckfish;  ;,  Scomber,  the  mackerel; 
k,  Xiphias,  the  swordfish;  I,  Anguilla,  the  eel;  m,  Mola,  the  ocean  sunfish;  n,  Hippo- 
campus, the  sea  horse;  o,  Lophius,  the  anglerfish. 
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Subclass  I.    Actinopterygii. 

Superorder  Chondrostei. 

Order  1.  Polypterini.  Example:  h\ch\r,  Polypt.erns  bichir,  iouwA  m  i\i&  K\\t 
River. 

Order  2.  Acipenseroidei.  Examples:  spoonbill,  Polyodon  spathula,  of  the 
middle  Mississippi  Valley,  and  Acipenscr  sp.,  the  sturgeons. 

Superorder  2.    Holostei.    Modern  ganoid  fishes. 

Order  1.    Amioidea.    Example:     the  bowfin,  Aniia  calva. 

Order  2.    Lepisosteida.     Example:     long-nosed  gar,  Lepisosteus  osseus. 

Superorder  3.    Teleostei.    Modern  bony  fishes. 

Order  1.  Isospondyli.  Examples:  tarpon.  Tarpon  atlanticus;  herring, 
Clupea  harengus;  shad,  Alosa  sapidissima ;  Atlantic  salmon,  Sahno  salar; 
Pacific  salmon,  Oncorhynchus  tschazvytscha;  rainbow  trout,  Sahno  gaird- 
neri;  whitefish,  Coregonus  sp. 

Order  2.  Haplomi.  Examples:  pike,  Esox  lucius;  muskellunge,  Esox  mas- 
quinongy;  mud  minnow.  Umbra  limi. 

Order  3.  Iniomi.  Lantern  fishes,  Myctophum,  a  deep  sea  fish  with  phos- 
phorescent organs. 

Order  4.  Lyomeri.  Examples :  gulpers,  Saccopharynx,  marine  fish  which 
dwell  at  great  depths. 

Order  5.  Ostariophysi.  Examples :  sucker,  Catostomus;  carp,  Cyprinus 
carpio;  black  bullhead,  Ameiurus  melas;  characins. 

Order  6.    Apodes.    Example :    Eels,  Anguilla  rostrata. 

Order  7.    Heteromi.    Deep  sea  fish,  Notacanthus. 

Order  8.  Synentognathi.  Examples:  Garfishes,  Strongylura;  halfbeak,  Hy- 
porhamphus ;  and  flying  fish,  Exocoetus. 

Order  9.  Microcyprini.  Example :  Top  Minnow,  Gambusia  affinis;  killifish, 
Fundulus  heteroclitus;  cave  fish,  Amblyopsis  speleus  found  in  caves  of 
Indiana  and  Kentucky. 

Order  10.  Solenichthyes.  Example:  pipefish,  Syngnathus;  sea  horse,  Hippo- 
campus. 

Order  11.  Anacanthini.  Examples:  codfish,  Gadus  morrhua;  haddock,  Melano- 
grainmus  acglcfinus. 

Order  12.  Percomorphi.  Examples:  black  bass,  Micropterus  sahnoidcs; 
sunfish,  Lepomis  gibbosns;  crappie,  Pomoxis  annularis;  perch,  Perca 
flavescens;  cichlids ;  mackerel.  Scomber  scombrus;  gobies. 

Order  13.  Scleroparei.  Examples :  brook  stickleback,  Eucalia  inconstans; 
Sculpin,  Cottus. 

Order  14.  Heterosomata.  Examples :  flounder,  P aralichthys ;  halibut.  Hip- 
po glossus;  sole,  Achirus. 

Order  15.  Discocephali.  Examples:  remoras,  Retnora,  the  suckfish  which 
attaches  itself  to  the  underside  of  the  shark. 

Order  16.  Plectognathi.  Example:  giant  ocean  sunfish,  ikfo/o  wo/a;  the  trunk- 
fish,  Ostracion. 

Order  17.  Pediculati.  Example :  angler  fish,  Lophius  piscatorius,  deep  sea 
inhabitant. 
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Subclass  II.    Choanichthyes. 

Order  1.    Crossopterygii.     Example:     living  crossopterygian  found  ofif   coast 

of  South  Africa,  Latimeria  chaliimnae. 
Order  2.    Dipnoi.     Examples :     lungfishes,   Protopterns  annectens  of  Central 

Africa ;  Lepidosiren  paradoxa  of  South  America. 


CHAPTER  30 

THE  TETRAPODA:     AMPHIBIA,  REPTILES, 
AND  BIRDS 


The  full  potentialities  of  vertebrate  development  were  not  realized 
until  the  vertebrates  emerged  from  the  water  to  become  terrestrial 
dwellers.  Once  this  step  has  been  taken,  new  and  unexploited  habits, 
habitats,  and  ways  of  life  were  available.  The  emergence  of  the  verte- 
brates from  water  to  land  must  have  been  a  very  gradual  process  in- 
volving countless  unsuccessful  experiments.  Probably  the  first  verte- 
brate to  free  itself  at  least  partially  from  the  water  was  some  amphibian- 
like animal  which  was  forced  to  live  only  in  very  moist  areas. 

The  modern  fish  give  us  only  vague  hints  of  the  pathway  followed 
by  the  emerging  vertebrates.  The  mudskipping  goby,  Periophthalmus, 
is  a  strange  little  fish  which  emerges  from  water  to  sun  itself  on  the 
roots  of  mangrove  trees.  Its  pectoral  fins  are  modified  into  limblike 
structures  by  which  it  moves  about.  By  means  of  this  highly  modified 
pectoral  fin,  the  goby  can  raise  the  forepart  of  its  body  and  drag  itself 
about  in  its  search  for  insects ;  however,  the  goby  has  no  other  adapta- 
tions to  land  life  and  thus  remains  permanently  fixed  to  its  aquatic 
existence.  The  sargassum  fish,  Pterophryne,  has  progressed  a  bit  far- 
ther than  the  goby  inasmuch  as  its  pelvic  fins  also  are  somewhat  foot- 
like. Neither  of  these  has  any  adequate  method  for  respiring  on  land ; 
thus  they  do  not  show  us  the  path  followed  by  the  first  emerging  forms. 

The  modern  lungfish  with  its  modified  swim  bladder  for  respira- 
tion would  seem  to  give  another  clue  as  to  the  possible  development  of 
structures  necessary  for  a  terrestrial  existence.  During  periods  of 
drought,  the  lungfish  forms  a  cocoon  about  itself  and  remains  dormant. 
Unfortunately,  however,  the  lungfish  has  failed  to  develop  adequate 
locomotor  structures  for  moving  about.  Their  paired  appendages  are 
little  more  than  flexible,  threadlike  structures,  incapable  of  supporting 
the  body ;  thus  the  lungfish  also  fails  to  meet  the  stringent  requirements 
of  the  progenitor  of  the  amphibians. 
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Rather,  it  is  the  lobe-finned  crossopterygians  (Fig.  190)  that  appear 
to  be  the  ancestral  forms  of  the  amphibians.  From  their  fossil  remains, 
it  is  certain  that  they  had  limbs  capable  of  supporting  the  body  and  the 
potentialities  of  developing  into  good  land  appendages.     Judging  from 


Fig.   199 


Fig.  200 

Fig.    199. — Periophthalmus,    the    mudskipping    goby.       (Courtesy    New    York 
Zoological  Society.) 

Fig.  200. — Protopterus,  the  African  lungfish.      (Courtesy  New  York  Zoological 
Society.) 
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their  modern  descendants,  the  kmgfish,   it  is  probable  that  they  also 
had  good  lungs. 

From  this  meager  evidence,  some  reconstruction  of  the  probable 
course  of  evolution  of  land-dwelling  vertebrates  can  be  made.  It  would 
appear  that  sometime  during  the  Devonian,  mvich  of  the  land  was 
swampy  inasmuch  as  the  waters  of  the  ocean  had  receded.  This  condi- 
tion left  many  water  holes  choked  with  vegetation  and  decaying  organic 
matter.  Fish  living  in  these  areas  would  suffer  from  the  depleted  oxygen 
supply,  and  only  those  forms  capable  of  wriggling  from  pond  to  pond 
and  breathing  some  atmospheric  oxygen  could  survive.     Many  species 
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Fig.  201. — A  simplified  family  tree  to  show  the  relationships  of  the  vertebrate 
classes.  (From  Romer:  Man  and  the  Vertebrates,  The  Univeristy  of  Chicago  Press, 
Copyright,   1941,  The  University   of  Chicago.) 
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must  have  perished  during  these  crucial  times,  but  some  crossopterygians 
must  have  met  this  challenge  and  successfully  emerged  on  land. 

Among  the  forests  of  the  Carboniferous,  the  new  land  form,  the 
amphibians,  attained  great  diversity.  These  early  types  are  represented 
by  the  labyrinthodonts  which  were  still  scaled,  but  possessed  the  angular 
limbs  of  land  animals  and  modifications  of  other  skeletal  characters.  At 
best,  their  descendants,  the  modern  amphibians,  have  but  a  tenuous  hold 
on  land  dwelling:  the  lungs  are  inefficient,  necessitating  skin  respira- 
tion, the  weak  legs  are  ill  suited  for  supporting  the  body,  and  the  larvae 
are  usually  aquatic.  They  have,  however,  lost  the  scales  typical  of 
their  crossopterygian  and  labyrinthodont  ancestors;  this  loss  was  es- 
sential if  respiration  were  to  be  possible  through  the  skin. 

THE  CLASS  AMPHIBIA 

When  compared  to  the  other  vertebrate  classes,  the  modern  amphi- 
bians are  small  in  number  and  of  little  economic  importance.  Although 
they  were  the  first  to  emerge  upon  land  and  must  have  at  one  time  been 
the  only  terrestrial  vertebrates,  at  the  present  time  they  are  over- 
shadowed in  importance  by  their  more  versatile  descendants,  the  rep- 
tiles, birds,  and  mammals. 

The  present-day  number  of  amphibians  is  relatively  small  when 
compared  to  the  fossil  record.  Indicative  of  this  is  the  fact  that  modern 
amphibians  are  grouped  into  three  orders  while  the  fossil  forms  require 
ten  orders  for  their  classification.  In  general,  the  modern  amphibians 
are  small,  relatively  inconspicuous  forms  which  are  forced  to  live  only 
in  moist  areas.  Two  of  the  three  modern  groups  of  amphibians  are 
well  known  to  most  people;  these  are  the  frogs,  toads,  and  the  tailed 
salamanders.  The  third  order  contains  a  small  number  of  legless 
wormlike  forms,  the  caecilians,  which  live  only  in  moist  tropical  areas. 

Characteristics  of  the  Class  Amphibia.^ — Characteristically  the 
modern  amphibians  have  a  smooth  moist  glandular  skin.  While  the 
ancient  amphibians  were  scaled,  only  the  caecilians  among  the  modern 
forms  possess  any  scales.  These  scales,  however,  are  very  small  and 
inconspicuous.  All  possess  two  nostrils  which  unlike  those  of  most 
of  the  fish  are  connected  directly  with  the  mouth  cavity.  The  majority  of 
the  members  of  this  class  possesses  lungs  when  adult,  although  a  few 
have  secondarily  lost  them.  The  lungs  are  small,  relatively  inefficient 
sacs;  so  lung  respiration  must  be  supplemented  by  gaseous  exchange 
through  the  skin.    Associated  with  the  development  of  lungs,  a  change 
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has  occurred  in  the  circulatory  system.  The  amphibian  heart  has  two 
auricles,  a  single  ventricle,  and  a  sinus  venosus;  thus  there  is  some 
sH'dit  separation  of  oxygenated  from  unoxygenated  blood  and  an  ac- 
companying increase  in  efficiency  of  circulation.  The  skeleton  is  formed 
chiefly  of  bone,  there  are  two  occipital  condyles,  and  the  skull  is  rela- 
tively weak.  There  is  no  control  of  body  temperature,  and  the  amphi- 
bians usually  hibernate  deep  in  the  soil  or  in  mud  at  the  bottom  of 
lakes  and  streams. 

The  name  "amphibian"  refers  to  the  fact  that  nearly  all  the  mem- 
bers of  this  class  lead  an  amphibious  life,  that  is,  the  larval  stages  live  in 
water  while  the  adults  live  in  moist  situations  on  land.  The  adults  must 
return  to  water  to  lay  the  eggs.  These  eggs  are  without  embyronic 
membranes  and  usually  hatch  into  larvae  with  gills.  These  larvae  meta- 
morphose into  the  adult  before  leaving  their  aquatic  habitat. 

The  Classification  of  the  Modern  Amphibia. — The  living  am- 
phibians are  classified  as  follows : 

Order   I.    Urodcla.    Adult  with  tail,  body  with  distinct  head,  trunk,  and  tail,  legs 
of  equal  size  or  lacking. 

Family  1.    Proteidae.     Mud  puppy,  Necttirus. 
Family  2.    Amphiumidae.     Amphiuma,  the  congo  eel. 
Family  3.    Cryptobranchidae.    The  hellbender,  Cryptobranchus. 
Family  4.  Salamandridae.     Newt,  Triturits. 

Family  5.    Ambystomidae.     Tiger  salamander,  Amhystoma  tigrinum. 
Family  6.    Plethodontidae.     Red-back   salamander,   Plcthodon   cinercus;   two- 
lined  salamander,  Eurycea  bislineata. 
Family  7.    Sirenidae.    Siren. 

Order  II.     Anura.     Adults  without  neck  or  tail,  head  and  trunk  fused,  hind  legs 
well  developed,  forelegs  short. 

Family  1.  Liopelmidae.    Bell  toad,  Ascaphus. 

Family  2.  Discoglossidae.     Midwife  toad,  Alytcs  obstctricans. 

Family  3.  Pipidae.     Marsupial  frog,  Pipa  pipa. 

Family  4.  Bufonidae.     Toads,  Bufo  sp. 

Family  5.  Pelobatidae.     Spadefoot  toad,  Scaphiopus. 

Family  6.  Hylidae.     Cricket   frog,   Acr'is  grylhis;   spring   peeper,   Hyla  sp.; 

marsupial  frog,  Gasfrothcca  sp. 

Family  7.  Ranidae.    Leopard  frog,  Rana  pipiens;  bullfrog,  R.  catesbeiana. 

Family  8.  Brevicipitidae.     Narrow-m.outhed  toads,  Gastrophryne. 

Order  III.    Apoda.    Wormlike  forms,  without  legs  or  girdles. 

Family  1.    Coeciliidae.     Caecilians,  IchtJiyophis  and  Gymnophis. 
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BIOLOGY  OF  THE  AMPHIBIANS 

The  life  history  of  Rana  pipicns  as  discussed  previously  is  quite 
typical  of  that  of  most  of  the  amphibians.  In  this  life  history,  the 
eggs  were  laid  in  water  and  they  hatched  into  tailed  larvae  with  external 
gills.  During  metamorphosis,  the  tail  and  gills  are  lost  and  the  adult 
form  is  gradually  attained.  This  adult  is  a  terrestrial  form  which  is  car- 
nivorous in  its  food  habits.  It  is,  however,  forced  to  return  to  water  to 
lay  its  eggs. 

While  this  life  history  can  be  considered  as  the  usual  type,  there 
are  many  variations  of  it  as  the  different  species  respond  to  different 
factors  in  their  environments. 

Urodela. — One  of  the  commonest  of  the  salamanders  through  much 
of  the  United  States  is  the  tiger  salamander,  Anibystoma  tigrinum  (Fig. 
202,a).  This  large  (6  to  9  inches  long)  spotted  salamander  spends 
most  of  its  life  buried  in  the  moist  mud.  In  the  spring  they  emerge  in 
large  numbers  and  migrate  to  pools.  Here  a  complex  mating  dance 
occurs  during  which  the  males  deposit  bundles  of  sperm  (sperma- 
tophores).  These  are  picked  up  by  the  lips  of  the  females'  cloacas  and 
internal  fertilization  follows.  The  eggs  are  laid  in  masses  surrounded 
by  a  jelly  envelope  and  attached  to  twigs  in  the  water.  The  time  re- 
quired for  hatching  varies  with  the  temperature,  but  usually  takes  24 
to  30  days.  At  this  time  the  gilled  larvae  which  are  about  14  mm.  long 
emerge.  During  the  summer,  these  larvae  metamorphose  into  the  typical 
adult  form. 

It  has  been  shown  that  the  thyroid  gland  is  responsible  for  the  trans- 
formation of  these  larvae  into  adults.  In  some  areas  where  there  is  little 
or  no  iodine  in  the  water,  the  thyrokl  gland  does  not  function  properly, 
and  metamorphosis  does  not  occur.  These  animals  remain  permanently 
as  larvae,  but  are  able  to  reproduce.  They  are  known  as  axolotls.  If 
iodine  is  administered  to  these  axolotls,  they  metamorphose  into  the 
usual  adult  type.  They  are  very  common  in  many  of  our  plains  states 
and  in  the  Valley  of  Mexico  where  they  are  at  times  used  as  food. 

In  the  United  States  there  are  many  other  species  of  Aiubystoiiia, 
including  the  silver-barred  Ambystouia  opaciim  which  is  more  terrestrial 
in  its  habits.     Its  eggs  are  deposited  on  land  in  the  fall. 

The  members  of  one  family,  the  Plethodontidae,  have  secondarily 
lost  their  lungs  and  rely  entirely  on  their  thin  skins  for  respiration. 
Species  of  these  remarkable  salamanders  occur  throughout  the  United 
States,  southern  Canada,  and  the  New  World  tropics.     Many  are  hand- 
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somely  colored,  as  the  common  red-backed  salamander,  Plethodon  cin- 
ereus  (Fig.  202,b),  and  the  semiaquatic  species,  Eurycea  bisHneata. 

The  largest  of  the  United  States  salamanders  is  the  hellbender, 
Cryptohranchiis  alleganiensis.  This  form  is  permanently  aquatic  an(^ 
has  very  weak  legs  quite  incapable  of  supporting  it.  Cryptobranchus 
lives  only  in  the  larger  streams  in  our  eastern  states,  and  remains  under 
protecting  vegetation  or  rocks  during  the  day.  It  is  a  large  ungainly 
creature,  up  to  27  inches  in  length.  Despite  its  rather  frightening  ap- 
pearance, it  is  a  harmless  form.  A  Japanese  species  related  to  this  at- 
tains a  length  of  5  feet  or  more. 

Other  permanently  aquatic  salamanders  are  the  congo  eel,  Amphi- 
mna,  Siren,  and  the  mudpuppy,  Nectnrns  (Fig,  202,h).  Both  Amphinma 
and  Siren  are  eel-like  in  shape  with  short  legs.  Siren  has  only  the  an- 
terior pair  of  legs  and  possesses  external  gills.  Necturus  is  a  large  gray- 
spotted  creature  with  heavy  red,  bushy  gills. 

Various  species  of  newts  of  the  genus  Triturus  occur  throughout 
the  United  States.  The  eastern  species,  Triturus  viridescens,  begins  its 
life  in  water  as  a  gilled  larva.  When  it  attains  about  one  inch  in  size, 
it  loses  its  gills  and  transforms  into  a  land  form  which  is  bright  red  in 
color.  This  is  known  as  the  red  elf  stage.  After  one  or  two 
years  on  land,  it  re-enters  the  water,  becomes  greenish  yellow  in 
color,  and  has  red  spots  along  its  sides.  It  now  becomes  an  adult 
and  is  ready  to  reproduce. 

At  one  time,  salamanders  were  credited  with  unusual  abilities  to 
withstand  high  temperatures  and  the  effects  of  fire.  This  was  probably 
traced  to  the  fact  that  salamanders  often  hide  in  rotten  logs.  If  such 
a  log  were  burned,  undoubtedly  'the  salamander  would  attempt  to 
escape.  Further,  their  possession  of  cold,  slimy  skins  gave  more  evi- 
dence to  this  rather  preposterous  theory. 

While  many  salamanders  do  have  skin  glands  which  secrete  irri- 
tating substances,  they  are  entirely  harmless  and  may  be  handled 
with  impunity. 

Anura. — The  members  of  the  family  Ranidae  are  at  times  called 
the  "true  frogs"  perhaps  due  to  the  fact  that  they  are  the  most  familiar 
members  of  this  order.  The  well-known  leopard  frog,  Rana  pipiens,  is 
a  member  of  this  family.  Other  common  ranas  are  R.  catesbeiana,  the 
bullfrog  which  may  attain  a  length  of  6  or  8  inches;  the  green  frog, 
R.  clamitans;  the  pickerel  frog,  R.  palusfris;  and  the  wood  frog,  R. 
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sylvatica.  All  of  these  have  life  cycles  similar  to  that  of  R.  pipiens  al- 
though the  bullfrog  spends  two  or  three  years  as  a  tadpole. 

In  the  spring  of  the  year,  the  high-pitched  calls  of  the  spring 
peeper,  Hyla  crucijer,  and  the  cricket  frog,  Acris  gryllus,  are  heard  from 
every  meadow  pond  or  stream  side.  These  are  members  of  the  family 
Hylidae  which  are  distinguished  by  their  possession  of  suction  discs 
on  the  ends  of  their  toes.  Most  members  of  this  family,  however,  are 
tree  frogs  and  use  these  adhesive  discs  in  climbing. 

The  true  toads  are  all  members  of  the  family  Bufonidae,  and  can 
be  separated  from  the  frogs  by  their  warty  skin  and  the  parotid  gland 
behind  the  eye.  The  toads  are  nocturnal  in  habit  and  feed  voraciously 
on  insects.  During  the  daytime,  they  hide  under  protective  logs  or 
stones.  The  skin  is  provided  with  numerous  glands  which  secrete  an 
irritating  liquid.  These  secretions  may  be  poisonous  to  would-be  de- 
vourers  of  toads,  but  are  harmless  when  the  animals  are  handled.  Con- 
trary to  some  beliefs,  the  skin  of  toads  is  not  capable  of  causing  warts. 
Most  of  the  toads  are  members  of  the  genus  Bujo  and  are  fairly  small 
(about  3  inches  long).  One  species,  B.  marinus,  which  ranges  from 
Texas  south  through  Central  and  South  America,  may  attain  a  length 
of  10  inches. 

Although  most  members  of  this  order  have  a  life  history  similar  to 
that  of  R.  pipiens,  some  show  remarkable  adaptations  to  unusual  con- 
ditions. Among  many  tropical  forms,  for  example,  there  has  been  a 
tendency  to  reduction  of  the  larval  stage.  Thus  in  some,  the  larval 
stage  is  passed  in  the  egg  and  the  miniature  adult  emerges.  In 
others,  the  eggs  are  retained  in  special  pouches  on  the  back  of  the  fe- 
male ;  there  development  occurs,  and  again  the  larval  stages  pass  very 
rapidly.  Examples  of  this  condition  are  found  in  members  of  the  family 
Pipidae,  Pipa  pipa,  the  marsupial  frog  of  northern  South  America,  and 
in  Gastrotheca  also  of  South  America.  During  copulation,  the  eggs  are 
placed  on  the  back  of  the  female  of  Pipa  pipa;  here  they  develop  in 
special  pouches.  In  Gastrotheca,  the  eggs  are  placed  in  a  special  skin 
pouch  in  which  development  takes  place.  In  Europe,  the  male  obstetrical 
frog,  Alytes  obstetricans,  entwines  the  egg  strings  around  his  hind  legs 
and  carries  them  about  until  they  are  ready  to  hatch.  Another  unusual  de- 
velopment is  found  in  the  spadefoot  toad,  Scaphiopus  sp.,  of  our  south- 
western states.  This  form  lives  in  unusually  dry  areas  and  lays  its 
eggs  in  temporary  ponds.  The  rate  of  development  of  the  larvae  varies 
with  the  rate  at  which  the  pool  dries  in  the  spring.  They  may  meta- 
morphose  into  the  adult   form   within   a   month's   time.      It   has   been 
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Fig.  202.— Representative  amphibians  and  reptiles,  a.  Ambystoma  tigrinum, 
the  tiger  salamander;  b,  Plethodon  cinereus,  the  red-backed  salamander;  c,  a  cae- 
cilian;  d,  Terrapene,  a  box  turtle;  e,  Anolis,  the  chameleon;  /,  Alligator;  g.  Coluber, 
a  blacksnake;  h,  Necturus,  the  mudpuppy;  i,  Bufo,  a  toad;  j,  Heloderma,  the  Gila 
monster;  k,  Sphenodon,  the  tuatera;  I,  Crotalus,  a  rattlesnake;  ??i,  Amyda,  a  soft- 
shelled  turtle. 
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suggested  that  this  developmental  rate  is  correlated  with  the  hydrogen 
ion  concentration  of  the  water.  In  all  forms  but  one,  fertilization  is 
external;  this  exception  is  the  bell  toad,  Ascaphus  truci,  of  northwestern 
California,  Oregon,  and  Washington.  The  male  has  an  external  copula- 
tory  organ  by  which  the  sperm  are  transferred  to  the  female.  These 
forms  live  near  rapidly  running  mountain  streams  and  the  larvae  are 
equipped  with  sucking  discs  for  adhering  to  stones. 

Apoda. — The  members  of  this  relatively  rare  order,  the  caecilians, 
are  found  in  the  tropics  of  Central  America,  Africa,  Australasia,  India, 
and  Malaysia.  These  wormlike  forms  burrow  in  moist  soil  and  feed  on 
insects.  The  eggs  are  laid  in  the  soil,  and  in  some  species,  the  larval 
stages  are  suppressed  within  the  egg  while  others  have  aquatic  larvae. 

Economic  Importance  of  the  Amphibians. — In  comparison  with 
other  vertebrate  groups,  the  amphibians  cannot  be  considered  to  be  of 
any  great  importance.  Nevertheless  they  have  some  value.  Frog  legs, 
for  example,  are  regarded  as  a  great  delicacy  and  are  valued  as  a  food 
in  many  countries.  Toads  destroy  vast  quantities  of  insects  and  thus 
are  of  value  in  destroying  insect  pests.  To  the  biologists,  the  frogs  are 
a  never-ceasing  source  of  study.  They  are  easily  available,  may  be  kept 
alive  in  the  laboratory,  and  are  excellent  experimental  forms.  Both  R. 
pipiens  and  the  salamander  Nccturiis  are  used  in  dissections  in  many 
biology  laboratories. 

THE  CLASS  REPTILIA 

During  the  upper  Carboniferous  as  the  amphibians  were  diversi- 
fying to  become  the  dominant  group,  some  labryinthodonts  were  grad- 
ually evolving  into  the  stem  reptiles.  These  stem  reptiles  or  cotylo- 
saurs  (Fig.  203)  would  not  have  seemed  to  have  much  of  a  future;  in 
contrast  to  the  dominating,  progressive  amphibians  of  that  period,  the 
cotylosaurs  were  conservative  and  had  retained  many  labryinthodont 
characteristics  such  as  the  scales.  As  so  often  happens  in  evolution, 
however,  these  more  generalized  animals  had  the  potentialities  of  de- 
veloping structures  to  meet  new  environmental  requirements.  This  was 
the  group  that  was  destined  to  become  the  first  true  land  vertebrates 
and  to  give  rise  to  the  many  varied  reptiles  and  finally  to  the  birds  and 
mammals. 

Among  these  cotylosaurs,  the  genera  Seymoiiria,  Diadectes,  and 
Capforhinus  are  the  best  known  from  their  fossil  remains.  Seymouria 
was  transitional  in  many  of  its  structures ;  in  fact,  it  has  at  times  been 


602         The  Animal  Kingdom 

considered  as  an  amphibian.  Captorhinus  may  be  cited  as  the  first  true 
reptile  inasmuch  as  certain  of  its  skull  and  skeletal  characters  are  rep- 
tilian rather  than  amphibian;  whereas  both  Seymoiiria  and  Diadectes 
had  retained  many  amphibian  characters. 

True  land  dwelling  required  the  development  of  many  different 
seemingly  unrelated  characteristics :  the  scaled  skin  to  prevent  drying, 
efficient  lungs,  complex  changes  in  the  circulatory  system,  an  efficient 
kidney,  internal  fertilization,  and  eggs  that  could  be  laid  on  land— just 
to  mention  a  few.  Some  of  these  characteristics  were  found  among  the 
amphibians,  but  not  until  the  reptiles  were  they  all  combined. 

The  amphibian  egg  lacks  protective  envelopes  to  prevent  drying, 
thus  must  be  laid  in  water.  In  contrast,  the  reptilian  egg  has  not  only 
a  protective  shell,  but  also  an  amniotic  sac  in  which  the  embryo  develops. 
Also  there  is  a  large  amount  of  yolk,  by  which  the  embryo  is  nourished 
and  an  allantois  for  respiratory  exchange  and  excretion.  Undoubtedly 
these  important  adaptations  must  have  appeared  very  early  in  some 
aberrant  labryinthodont ;  unfortunately  fossil  records  are  absent,  and 
the  exact  time  of  its  appearance  is  unknown. 

With  but  rare  exceptions,  the  amphibians  have  external  fertiliza- 
tion. Obviously  such  a  type  of  fertilization  is  impossible  in  land 
dwellers;  thus  with  the  escape  from  water,  internal  fertilization  was 
required. 

Characteristics  of  the  Class  Reptilia.— Those  characteristics 
which  distinguish  the  members  of  this  class  are  to  a  great  extent  as- 
sociated with  terrestrial  life.  For  the  prevention  of  desiccation,  they 
are  supplied  with  a  dried  cornified  skin  with  scales.  For  respiration, 
the  lungs  are  well  developed  and  divided  into  many  alveoli ;  thus  with 
only  a  few  exceptions  respiration  is  carried  on  only  by  the  lungs.  As- 
sociated with  this  lung  development,  the  circulatory  system  is  greatly 
improved  over  that  of  the  amphibians.  The  heart  has  two  auricles,  and 
the  ventricle  is  almost  completely  divided  into  two  chambers  in  most 
forms,  and  in  the  crocodiles  the  separation  is  complete.  The  systemic 
arches  are  reduced  to  a  single  pair,  and  the  pulmonary  system  is  well 
developed.  Fertilization  is  internal,  and  the  eggs  are  provided  with 
embryonic  membranes.  In  some  species  the  eggs  are  retained  within 
the  oviduct,  and  the  young  are  born  alive.  Such  a  condition  is  known 
as  ovoviviparity.  Whether  oviparous  or  ovoviviparous,  there  are  no 
larval  stages.  Although  the  reptiles  are  poikilothermic  animals  (hav- 
ing a  variable  body  temperature)  they  do  have  a  much  more  efficient 
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kidney  than  the  amphibians.  Their  new  metanephric  kidney  is  capable 
of  handling  a  much  greater  volume  of  metabolic  wastes.  This 
perhaps  is  not  very  important  in  animals  such  as  the  reptiles,  but 
becomes  an  absolute  necessity  in  their  homoiothermic  descendants, 
the  birds  and  mammals. 

For  support  on  land,  the  reptiles  have  heavy,  completely  ossified 
skeletons  and  well-developed  legs  capable  of  supporting  the  body.  These 
legs  have  been  secondarily  lost  in  the  snakes  and  some  lizards.  Typi- 
cally there  are  five  toes  equipped  with  claws  which  are  useful  for 
clinging  to  a  substratum  and  for  rapid  movements  on  land.  Some  liz- 
ards have  increased  their  speed  of  running  by  using  only  their  hind 
legs,  thus  they  have  become  bipedal.  This  tendency  is  seen  in  several 
groups,  including  the  ancient  dinosaurs.  The  well-developed  skull 
is  equipped  with  a  single  occipital  condyle. 

Classification  of  the  Class  Reptilia. — This  class  is  divided  into 
a  number  of  different  subclasses  and  orders.  Inasmuch  as  the  fossil 
forms  are  important  in  understanding  the  relationships  of  the  modern 
forms,  they  are  included  here. 

Subclass  1.    Anapsida. 

Order  1.    Cotylosauria.     Extinct  stem  reptiles'.     Examples:     Seymour ia,  Cap- 

torhiniis,  Diadectes. 
Order  2.    Chelonia.     Example :     the  turtles. 

Subclass  2.    Ichthyopterygia. 

Order  1.    Ichthyosauria.     Examples:     extinct  ichthyosaurs  which  were  highly 
modified  for  a  marine  existence. 

Subclass  3.    Synaptosauria. 

Order  1.      Sauropterygia.    Example:    Extinct  plesiosaurs  which  lived  during 
the  Mesozoic  and  swam  by  means  of  powerful  paddles. 

Subclass  4.    Lepidosauria. 

Order  1.    Eosuchia.     Example:     Extinct  forms  of  the   Permian  and  Triassic, 

ancestral  to  snakes  and  lizards. 
Order  2.    Rhynchocephalia.     Example :      living   Sphenodon   of    New   Zealand 

and  related  though  extinct  forms. 
Order  3.    Squamata.     Examples :     living  lizards  and  snakes. 

Subclass  5.    Archosauria,  the  "ruling  reptiles." 

Order    1.    Thecodontia.      Example:      extinct    forms   which   were   ancestors   of 

dinosaurs,  birds,  and  others. 
Order   2.       Crocodilia.     Examples :     modern    crocodiles    and    alligators,    only 

survivors  of  archosaurs. 
Order  3.    Pterosauria.    Example :   extinct  flying  reptiles,  the  pterosaurs,  which 

possessed  membranous  wings. 
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Order  4.  Saurischia.  Examples:  extinct  "reptilelike"  dinosaurs,  carnivor- 
ous and  large  amphibious  forms. 

Order  5.  Ornithischia.  Example:  extinct  "birdlike"  dinosaurs,  herbivorous, 
many  armored  and  horned. 

Subclass  6.    Synapsida.     Extinct  forms,  ancestral  to  mammals. 

Order  1.  Pelycosauria.  Examples:  extinct  mammal-like  reptiles,  which 
lived  during  the  Permian,  similar  to  stem  reptiles. 

Order  2.  Therapsida.  Example :  extinct  mammal-like  forms  which  lived  dur- 
ing the  late  Permian  and  Triassic. 

Of  the  throngs  of  reptiles  that  crowded  the  Mesozoic  landscape, 
only  a  few  species  survive  in  our  modern  world.  Even  the  largest  of 
the  present-day  forms  are  insignificant  when  compared  to  such  giants 
as  the  80-foot  Brontosaurus  of  the  Jurassic.  Of  the  many  and  varied 
reptiles  that  dwelt  in  ages  past,  only  four  groups  survive :  the  turtles, 
the  lizards  and  snakes,  the  crocodiles  and  alligators,  and  Sphenodon. 
As  these  groups  diverged  far  back  in  the  geologic  past,  they  seem  but 
little  related  to  each  other.  Each  has  its  distinctive  structure,  appear- 
ance, and  habits. 

The  Order  Chelonia  (the  Turtles). — The  deliberate,  slow-moving 
turtle  has  little  to  fear  from  "his  enemies  for  w4ien  approached  he  simply 
withdraws  within  his  shell  and  becomes  an  immobile,  bone-enclosed 
animal.  Speed  has  thus  been  sacrificed  for  the  sure  protection  of  the 
heavy  shell.  The  shell  is  formed  of  the  upper  arched  carapace  and  the 
lower  flattened  plastron;  these  are  joined  between  the  two  pairs  of  legs 
by  the  bridge.  A  number  of  bones  joined  by  irregular  sutures  form  the 
shell.  These  bones  are  covered  by  bony  epidermal  lamellae.  Such 
protection  as  afforded  by  this  heavy  shell  has  necessitated  many  other 
structural  changes  in  the  fundamental  reptilian  form.  First,  the  ribs 
and  vertebrae  are  immovably  incorporated  into  the  carapace ;  and, 
second,  the  girdles  shift  their  position  to  one  under  the  ribs.  This 
first  change  has  resulted  in  the  degeneration  of  many  trunk  muscles 
and  a  corresponding  development  of  leg  and  girdle  muscles.  The  latter 
shift  of  the  girdles  is  correlated  with  a  peculiar  leg  development  in 
which  they  are  moved  far  apart  and  crooked  at  the  elbows  and  knees. 
Thus  when  moving,  the  elbows  of  the  forelegs  are  swung  forward, 
parallel  with  the  neck.  The  awkward  body  moves  by  pulls  and  pushes 
and  weaves  and  twists  as  the  animal  progresses  forward. 

The  rigid  shell  has  also  necessitated  certain  important  changes 
in  the  mode  of  respiration  of  the  turtles.     Air  is  inspired  and  expired 
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in  a  manner  similar  to  that  utilized  by  the  mammals;  noteably,  by 
changes  in  the  partial  pressure  within  the  coelomic  cavity.  Since 
the  reptiles  are  without  diaphragms,  other  muscles  of  the  turtle  per- 
form this  function.  Muscles  located  in  the  region  of  the  legs  and  be- 
neath the  viscera  when  contracted  enlarge  the  coelom  and  air  enters 
the  lungs.  Expiration  is  brought  about  by  the  contraction  of  two 
pairs  of  ventrally  located  muscles  which  push  against  the  viscera  and 
thus  forceably  expel  the  air  out  of  the  lungs. 

The  turtle  despite  having  large  lungs  and  an  excellent  ventilating 
system  has  but  small  need  for  a  large  oxygen  supply  inasmuch  as 
its  metabolism  is  very  low.  This,  however,  has  certain  advantages, 
for  the  turtle  can  make  a  single  inspiration  supply  enough  oxygen  for 
two  or  more  hours  at  a  time.  Some  of  the  aquatic  turtles  further  aug- 
ment this  pulmonary  respiration  by  pharyngeal  and  cloacal  respiration. 
The  pharynx  is  highly  vascular,  and  the  turtle  is  able  to  suck  in  and 
expel  water  into  this  region  and  bring  about  some  respiratory  ex- 
change. Similarly,  there  are  two  thin-walled,  vascular  sacs  connected 
to  the  cloaca.  Water  may  be  pumped  in  and  out  of  these  for  further 
respiratory  exchange. 

Turtles  have  internal  fertilization  with  sperm  transference  accom- 
plished by  means  of  a  copulatory  organ.  The  eggs  are  laid  in  soil, 
sand,  or  under  debris  and  are  left  alone  until  they  hatch.  The  young 
turtles  are  left  to  their  own  devices  for  .survival.  The  aquatic  forms 
usually  hasten  to  the  nearest  water.  In  northern  areas,  turtles  hiber- 
nate during  the  winter  months.  The  aquatic  forms  hibernate  in  the 
bottoms  of  streams  or  ponds  while  the  terrestrial  forms  often  burrow 
into  soil  or  under  piles  of  debris. 

Though  the  turtles  have  retained  essentially  the  same  form  during 
their  long  geologic  history,  a  number  of  different  types  have  evolved. 
Some  of  these  types  include  the  heavily  armored  box  turtle,  Terrapene; 
the  snapper,  Chelydra;  the  slider,  Pseudemys;  the  painted  turtle,  Chrys- 
emys;  the  soft-shelled  turtle,  Aniyda;  the  gopher  turtle,  Gopherus;  and 
the  various  sea  turtles  such  as  the  green  turtle,  Chelonia,  the  diamond- 
back  terrapin,  Malaclemys,  the  hawksbill,  EreUnochelys,  and  the  log- 
gerhead, Caretta. 

Terrapene  (Fig.  202, d)  is  a  common  inhabitant  of  moist  wood- 
lands and  gardens  and  is  easily  recognized  by  its  arched  yellow-marked 
carapace  and  hinged  plastron.  It  feeds  on  both  insects  and  vegetation 
and  is  often  considered  quite  an  asset  due  to  its  destruction  of  harmful 
insects.    The  snapper,  Chelydra,  has  a  very  weak  plastron  coupled  with 
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a  rather  vicious  disposition.  It  is  carnivorous  in  its  habits  and  has  a 
bad  reputation  for  its  capture  and  devouring  of  duckhngs.  Its  flesh  is 
highly  valued  for  eating  purposes.  Both  Pseitdemys  and  Chrysem.ys  are 
brightly  colored  species  which  are  frequently  seen  sunning  themselves 
on  logs  in  ponds.  The  soft-shelled  turtle,  Amyda  (Fig.  202,w)  as  its 
name  implies  has  a  soft,  leathery  shell.  It  has  become  thoroughly  aqua- 
tic and  carnivorous  in  its  habits ;  it  goes  to  land  to  lay  its  eggs.  The 
gopher  turtle,  Gopherus,  often  is  very  abundant  in  the  southern  states. 
It  makes  extensive  excavations  and  prefers  regions  which  are  quite  dry 
and  sandy.  It  is  vegetarian  in  its  eating  habits.  A  close  relative 
of  Gopherus,  Testudo,  is  found  on  the  Galapagos  Islands  and  on  some 
islands  of  the  Indian  Ocean.  These  latter  are  giant  land  turtles  which 
may  exceed  over  4  feet  in  length  and  weigh  over  300  pounds. 

Probably  of  greatest  economic  importance  are  the  sea  turtles  of 
the  family  Chelonidae.  These  turtles  have  the  legs  modified  as  flippers 
and  are  thoroughly  aquatic  in  their  habits.  They  spend  nearly  their 
entire  life  at  sea,  returning  to  land  only  to  lay  their  eggs.  Both  the  flesh 
and  eggs  are  valued  as  food.  The  shell  of  the  members  of  the  genus 
Caretta  is  highly  valued  as  a  source  of  tortoise  shell. 

The  largest  of  the  living  turtles  are  the  members  of  the  genus 
Dermochelys,  the  leatherbacks,  which  may  weigh  over  1,000  pounds. 
They  are  members  of  another  family  of  sea  turtles. 

The  terms  turtle,  tortoise,  and  terrapin  are  loosely  used  and  have 
no  real  significance.  In  general,  the  terrestrial  species  are  called  "tor- 
toises," the  aquatic  ones,  "turtles,"  and  some  few  hard-shelled,  edible 
aquatic  forms,  "terrapins." 

The  Order  Squaniata  (the  Lizards  and  Snakes). — In  contrast 
to  the  deliberate,  slow-moving  turtles,  the  members  of  this  order  are 
usually  fast  moving  forms.  While  the  turtles  have  relied  upon  armor 
for  protection,  the  members  of  this  order  rely  more  upon  speed  and 
behavior  for  escaping  from  their  enemies.  This  order  is  divided  into 
two  suborders :  the  Sauria  which  includes  the  lizards,  and  the  Ser- 
pentes  which  includes  the  snakes.  Superficially  it  would  seem  simple 
to  separate  these  two  groups  on  the  basis  of  the  presence  or  absence  of 
legs ;  however,  there  are  lizards  without  legs.  The  only  real  differences 
between  the  members  of  the  two  suborders  are  based  upon  internal 
skeletal  structures.  The  snakes  lack  a  pectoral  girdle,  have  the  two 
halves  of  the  lower  jaw  joined  by  a  ligament,  and  the  brain  case  is 
closed  anteriorly.     In  addition  they  have  no  movable  eyelids,  no  func- 
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tional  limbs,  useless  ears,  and  an  elongate  tongue  which  serves  as  an 
accessory  olfactory  organ.  As  certain  lizards  also  have  these  latter 
features,  they  do  not  constitute  absolute  dififerences. 

The  lizards  vary  so  widely  in  their  life  histories,  structures,  food 
habits,  and  mating  habits  that  it  is  impossible  to  make  any  generaliza- 
tions about  them.  Most  of  the  lizards  of  the  United  States  are  widely 
distributed  with  the  greater  number  of  species  occurring  in  the  semi- 
arid  Southwest. 

One  common  genus  is  that  containing  the  skink,  Eumeces.  In  the 
East,  the  blue-tailed  skink,  Eumeces  fasciatus,  is  very  abundant,  occur- 
ring in  wooded,  moist  areas.  Mating  occurs  in  the  spring,  and  the 
eggs  are  laid  during  the  summer  and  hatch  in  late  summer  or  fall. 
The  food  consists  of  insects  and  other  small  invertebrates.  During 
the  winter  months,  they  hibernate  in  the  ground  to  a  depth  of  sev- 
eral feet. 

Another  widely  distributed  genus  is  that  of  the  fence  lizards,  Scel- 
oporus.  The  species  of  this  genus  have  very  spiny  scales.  The  horned 
toad,  Phrynosoiua  is  common  throughout  the  Southwest.  This  pecu- 
liar species  when  molested  has  the  ability  to  squeeze  blood  out  of  the 
corner  of  its  eyes.  Both  of  these  genera  are  members  of  the  Iguanidae 
family.  Other  iguanas  include  the  common  Anolis  (Fig.  202,<?)  the 
chameleon  of  the  Southeast  that  can  change  its  colors  so  drastically  that 
its  name  has  become  a  common  term.  In  tropical  America,  one  iguana. 
Iguana  iguana,  attains  a  length  of  6  feet  and  is  highly  valued  for  its 
flesh.  In  the  Galapagos  one  species  of  iguana  attains  a  very  large 
size  and  feeds  on  marine  algae. 

Some  few  lizards  have  completely  lost  their  legs.  These  include 
the  strange  worm  lizards  such  as  Rhineura  floridana  of  Florida  which 
resembles  an  earthworm  and  the  "glass  snake,"  Ophisaurus  ventralis. 
All  lizards  have  the  unique  ability  to  cast  ofif  their  tails  and  regenerate 
new  ones.  This  is  a  protective  device  by  which  the  animal  is  able  to 
escape,  leaving  its  wriggling  tail  behind  to  distract  its  predator.  This 
ability  is  exceptionally  well  developed  in  Ophisaurus  which  has  a  tail 
twice  as  long  as  its  body.  When  attacked,  Ophisaurus  casts  ofif  this 
long  tail  and  looks  as  if  it  were  literally  flying  into  pieces  as.  the  tail 
fractures  into  even  smaller  segments. 

There  is  only  one  genus  that  has  members  which  are  poisonous. 
These  are  the  Gila  monsters  of  the  genus  Heloderma  (Fig.  202,;'). 
These  brightly  colored  "beaded  lizards"  occur  throughout  the  South- 
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west  and  into  Mexico.  Another  unusual  lizard  is  the  "flying  dragon," 
Draco  volans,  of  Borneo  which  has  its  sides  expanded  into  thin  mem- 
branes. By  means  of  these  membranes,  the  lizards  are  able  to  glide 
through  the  air.  The  largest  of  all  modern  lizards  is  the  Komodo 
dragon,  Varanns  komodocnsis,  which  lives  on  some  islands  in  the 
Dutch  East  Indes.  These  attain  a  length  of  9  feet  and  some  weigh 
over  250  pounds. 

Like  the  lizards,  the  snakes  are  extremely  varied  in  appearance  and 
habits,  and  it  is  quite  impossible  to  generalize  about  them.  All  are 
without  legs  and  movements  over  the  ground  are  accomplished  by  un- 
dulations of  the  body  or  by  use  of  broad  flat  abdominal  scutes  to  which 
the  ends  of  the  ribs  are  attached.  The  scutes  are  shifted  forward  from 
alternate  sections  of  the  body  and  actually  pull  the  body  forward 
as  they  catch  on  to  the  substrate.  On  a  smooth  surface,  a  snake  is 
very  handicapped  in  its  movements.  All  snakes  are  able  to  swim  by 
lateral  undulations  and  for  many  aquatic  forms  it  is  the  commonest 
method  of  locomotion.  Snakes  are  able  to  consume  animals  of  greater 
diameters  than  themselves  due  to  their  unique  jaw  arrangement.  In 
part  this  is  also  due  to  the  elasticity  of  the  throat  muscles,  but  chiefly 
it  is  due  to  the  chain  of  bones  that  fastens  the  lower  jaw  to  the  skull. 
By  outward  movements  of  this  chain  and  by  moving  each  half  of 
the  jaw  independently,  large  objects  are  swallowed.  In  swallowing, 
the  prey  is  anchored  by  means  of  the  sharp  curved  teeth,  and  by 
moving  all  these  bony  elements  separately,  the  snake  literally  crawls 
over  its  prey  and  engulfs  it. 

Several  times  during  each  year,  the  snake  sheds  the  outer  horny 
layer  of  its  skin.  During  the  periods  of  shedding,  the  transparent  por- 
tion of  the  fused  eyelids  through  which  the  snake  sees  becomes  opaque, 
and  the  snake  is  temporarily  blind.  Snakes  usually  shed  the  outer 
skin  entirely  in  contrast  to  the  lizards  which  shed  theirs  in  pieces.  Most 
snakes  lay  their  eggs  in  brush  piles,  under  logs,  or  in  soil,  and  de- 
velopment takes  place  without  any  parental  care.  A  few  species  retain 
the  eggs  in  the  oviduct  and  the  young  are  born  alive.  These  latter 
include  the  common  garter  snake,  the  water  snakes,  and  the  pit  vipers. 

Most  snakes  of  the  United  States  are  harmless  and  are  members 
of  the  family  Colubridae.  Some  common  members  of  this  family 
are  the  black  snakes.  Coluber  constrictor  (Fig.  202,g),  which  feed 
largely  on  small  rodents ;  the  bull  snake,  Pitnophis  sayi,  which  is  abun- 
dant in  prairie  country  and  also  feeds  on  rodents ;  the  king  snakes.  Lam- 
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propeltis,  which  feed  largely  on  other  snakes  or  mice  depending  on 
the  species;  the  garter  snakes,  TJiamnophis,  which  feed  largely  on  in- 
sects ;  the  green  snake,  Opheodrys,  also  an  insect  feeder ;  and  the  water 
snakes,  Matrix,  which  feed  chiefly  on  fish  and  other  cold-blooded  verte- 
brates. Most  of  these  snakes  can  be  regarded  as  useful  forms  due 
to  their  eating  of  insects  and  small  rodents.  Some  such  as  the  black 
snake  and  bull  snake  are  particularly  valuable  species. 

While  most  species  of  snakes  in  this  country  are  harmless,  there 
are  some  poisonous  forms.  The  members  of  the  genus  Micrurus,  the 
coral  snakes,  are  colorfully  ringed  with  yellow  and  red  and  are  about  3 
feet  long.  Species  occur  in  the  southeastern  United  States  and  in 
the  Southwest.  They  have  an  extremely  potent  venom  which  has  a  very 
pronounced  neurotoxic  effect.  Their  grooved  fangs  are  in  a  fixed  posi- 
tion in  the  front  of  the  mouth.  Inasmuch  as  they  are  secretive  in  their 
habits,  they  are  seldom  encountered.  In  general,  they  are  inoffensive 
in  their  habits,  and  seldom  bite,  thus  should  not  be  considered  as  a 
dangerous  snake.  As  their  poison  is  extremely  potent,  however,  it  is 
wise  to  treat  them  with  caution. 

The  most  famous  group  of  poisonous  snakes  in  the  United  States 
are  the  pit  vipers.  These  include  the  copperhead,  Agkistrodon  mokasen; 
the  water  moccasin,  A.  piscivorus;  and  the  rattlesnakes  of  the  genera 
Sistrurus  and  Crotalus.  The  rattlesnakes  are  distinguished  from  other 
snakes  by  their  possession  of  a  series  of  horny  segments  which  rattle 
when  vibrated,  producing  a  characteristic  buzzing  sound.  Each  time 
the  snake  sheds,  a  new  segment  is  produced  on  the  rattle.  As  they  shed 
several  times  a  year  and  often  lose  rattles,  the  number  of  segments  is 
no  indication  of  the  age  of  the  snake.  The  members  of  the  genus  6"^- 
trurus  are  small,  swamp-loving  snakes  that  are  relatively  inoffensive. 
By  contrast,  the  members  of  the  genus  Crotalus  (Fig.  202,/)  are  large, 
active  forms  whose  bite  may  at  times  be  fatal.  Some  members  of  this 
genus  are  the  eastern  timber  rattler,  C.  horridns,  the  Texas  diamond- 
back,  C.  atrox,  the  Florida  diamondback,  C.  adamanteus,  and  the  side- 
winder, C.  cerastes. 

The  paired  fangs  are  hollow  and  can  be  retracted.  They  function 
in  a  manner  similar  to  hypodermic  needles  to  deliver  the  venom 
which  is  produced  by  large  paired  glands  in  the  upper  part  of  the 
head.  The  name,  "pit  viper,"  is  derived  from  the  paired  facial  pits 
which  are  located  on  either  side  of  the  head.  These  are  lined  with  a 
sensory  epithelium  which  is  very  sensitive  to  temperature  changes ;  ap- 
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parently  they  detect  the  location  of  warm-blooded  prey  and  may  be 
useful  in  directing  the  strike. 

In  the  New  World  tropics,  most  of  the  snakes  are  of  the  non- 
poisonous  type;  however,  there  are  a  few  dangerous  ones.  The  bush- 
master,  Lachesis  muta,  the  fer-de-lance,  Bothrops  atrox,  and  the  tropi- 
cal rattlesnakes  are  all  examples  of  the  pit  vipers.  The  most  spec- 
tacular of  the  tropical  snakes  are  the  large  nonpoisonous  boa  constrictors, 
Constrictor  constrictor,  which  may  be  as  long  as  10  or  15  feet.  The 
largest  of  these  are  the  anacondas,  Eimectes  murinus,  which  attain 
lengths  of  25  feet  and  live  in  the  forests  of  the  Amazon  basin.  In 
the  Old  World  tropics,  the  python  is  the  largest  form,  attaining  lengths 
up  to  30  feet.  Of  interest  is  the  fact  that  the  python  has  vestigial 
hind  appendages. 

Some  of  the  most  dangerous  poisonous  snakes  of  the  Old  World  are 
relatives  of  our  coral  snakes.  The  cobras  of  the  genus  Naja  and  the 
kraits  of  the  genus  Bungarus  are  the  most  famous  forms. 

Although  most  snakes  are  terrestrial  in  habit,  a  few  have  become 
thoroughly  adjusted  to  sea  life.  These  are  the  sea  snakes  of  the  sub- 
family Hydrophinae.  These  have  flattened  tails  for  swimming  and 
come  to  land  only  briefly.  Their  venom  is  very  effective  against  fish, 
which  constitute  their  chief  food. 

Snake  Legends. — Probably  no  group  of  animals  has  as  many  false 
stories  told  about  it  as  do  the  snakes.  Incorrect  ideas  include  such 
stories  as  snakes  swallowing  their  young,  the  fact  that  they  do  not 
die  until  sundown,  their  ability  to  form  a  hoop  and  roll  rapidly  toward 
unsuspecting  prey,  and  that  snakes  will  not  cross  horsehair  ropes.  No 
doubt  a  little  reflection  on  anyone's  part  would  add  many  more  stories 
to  this  very  brief  list  of  inaccuracies. 

The  Order  Crocodilia. — The  largest  of  the  living  reptiles  are 
the  crocodiles,  alligators,  caimans,  and  gavials.  These  giant,  lizardlike 
reptiles  are  found  throughout  the  tropical  and  subtropical  regions  of 
the  world. 

Essentially  these  animals  are  aquatic  forms  which  are  very  awk- 
ward and  slow  moving  on  land.  Their  heavy  bodies  are  dragged  over 
the  ground  by  the  short  legs,  but  in  water,  these  same  awkward  creatures 
are  fast  moving  and  agile.  The  flattened  tail  is  the  chief  locomotor  organ. 
Although  the  general  form  of  the  alligators  and  crocodiles  is  quite  simi- 
lar to  that  of  the  lizards,  the  nose  is  much  elongated  and  the  nostrils 
are  at  the  tip.    The  eyes  are  well  back  from  the  tip  of  the  nose  and  are 
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located  on  top  of  the  head;  thus  the  crocodile  or  alligator  can  float  in 
the  water  with  only  the  nostrils  and  eyes  protruding.  Old  crocodiles 
look  like  logs  floating  in  a  placid  tropical  stream.  When  the  croco- 
dilian submerges,  special  valves  close  off  the  nostrils  and  ears.  The 
entire  body  is  covered  with  heavy  scales. 

Within  the  United  States,  there  are  but  two  species  of  crocodilians : 
the  American  alligator,  Alligator  mississippiensis  (Fig.  202,/),  and  the 
American  crocodile,  Crocodilus  americanus.  These  forms  are  found  only 
in  Florida  and  the  southern  portion  of  some  of  the  Gulf  States.  The 
crocodile  and  alligator  are  very  similar  in  appearance,  but  the  alligator 
has  a  broad  head  rounded  at  the  snout,  while  the  crocodile  has  a  trian- 
gular head  with  a  narrow  snout. 

When  young,  the  crocodilians  feed  chiefly  on  small  fish;  when 
adults,  they  rely  upon  birds  and  mammals  that  frequent  the  streams 
or  swamps  where  they  live.  Most  of  them  need  not  be  regarded  with 
fear,  for  they  are  comparatively  harmless.  Two  species,  however,  the 
salt-water  crocodile  of  India  and  Malaysia  and  the  African  crocodile, 
are  reputed  to  be  very  dangerous  to  human  beings. 

In  size,  the  crocodilians  vary  greatly.  The  gavial  of  India  is 
reported  to  attain  lengths  of  30  feet ;  fortunately  its  food  consists  largely 
of  fish  and  it  need  not  be  feared.  The  black  caiman  of  South  America 
reaches  a  length  of  20  feet  as  does  the  salt-water  crocodile.  The  largest 
American  forms  attain  lengths  of  about  16  feet. 

The  crocodilians  lay  their  eggs  in  holes  in  the  ground  or  in  some 
cases  construct  a  moundlike  nest.  About  these  nests  are  piled  sticks 
and  vegetation,  the  decomposition  of  which  provides  heat  for  the  incu- 
bation of  the  eggs. 

Economically  the  members  of  this  order  are  important  as  a  source 
of  leather.  This  leather  has  a  high  value  in  the  world's  markets.  In 
some  areas  of  Florida,  alligators  are  raised  on  special  "farms"  for 
their  hides. 

The  Order  Rhyiichocephalia. — On  a  few  small  islands  off  the 
coast  of  New  Zealand  are  the  sole  surviving  members  of  this  order. 
These  are  the  tuateras,  Sphenodon  punctatitui.  These  strange  noc- 
turnal animals  are  quite  lizardlike  in  appearance  and  possess  a  dorsal 
spiny  crest.  The  largest  of  them  are  about  2  feet  in  length.  Their 
interest  to  scientists  is  based  on  the  fact  that  they  possess  characters 
showing  their  relationship  to  the  ancient  reptilian  groups  which  gave 
rise  to  the  lizards,  crocodilians,  and  dinosaurs.     One  character  which 
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they  share  with  some  Hzards  is  the  presence  of  a  well-developed  pineal 
eye,  complete  with  a  retina. 

The  Fossil  Reptiles. — A  history  of  the  evolution  of  the  animal 
kingdom  shows  that  during  the  various  geologic  eras,  the  different 
groups  had  small  beginnings,  developed  and  diversified  into  dominant 
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Fig.  203. — The  family  tree  of  the  reptiles.  (From  Romer:  Man  and  the 
Vertebrates,  The  University  of  Chicago  Press,  Copyright,  1941,  The  University  of 
Chicago.) 


forms,  and  gradually  disappeared.  During  the  period  of  the  greatest 
development  each  group  radiates  in  all  directions  and  occupies  all  avail- 
able habitats.  Such  has  been  the  history  of  the  reptiles.  They  began 
as  small,  seemingly  unimportant  forms  during  the  late  Carboniferous, 
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gradually  increased  in  abundance  during  the  Permian,  and  reached  the 
heights  of  their  development  during  the  Mesozoic,  the  great  Age  of 
Reptiles.  At  the  end  of  the  Mesozoic,  they  were  gradually  being  re- 
placed by  the  up  and  coming  mammals  and  birds;  today  the  reptiles 
though  fairly  abundant  are  only  remnants.  The  largest  living  reptile 
is  but  a  pygmy  in  comparison  to  the  giants  of  the  Mesozoic. 


CROCODlLIA 
CROCODILES' ALLIGATORS 


STCMOFRULING  REPTILES 


Fig.  204. — The  family  tree  of  the  ruling  reptiles.   (  From  Romer: 
Vertebrates.  Copyright,  1941,  The  University  of  Chicago  Press.) 


Man  and  the 


From  the  stem  reptiles,  the  cotylosaurs,  the  many  diverging  rep- 
tilian lines  developed.  The  ichthyosaurs  reverted  to  water  and  acquired 
a  fishlike  form,  complete  with  fins.  The  plesiosaurs  developed  enor- 
mously elongated  necks  and  paddlelike  limbs,  and  apparently  ranged  in 
the  shallower  parts  of  the  ocean.     The  lizards  and  snakes,  the  turtles, 
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and  sphenodon  all  were  differentiated  at  a  very  early  time  from  this 
stem  form.  Also  from  this  cotylosaur  group  were  developed  the  first 
primitive  mammal-like  reptiles  which  later  gave  rise  to  the  mammals 
and  the  thecodonts  which  were  destined  to  give  rise  to  the  dinosaur  line. 
The  thecodonts  or  ruling  reptiles  were  small,  predaceous  forms 
with  somewhat  elongated  hind  legs,  thus  suggesting  the  beginnings  of 
bipedal  development.  From  these  animals  arose  the  tremendous  and 
varied  dinosaurs.  These  dinosaurs  ranged  in  size  from  small  species 
to  some  weighing  fully  50  tons.  Some  were  large  and  carnivorous — 
forms  such  as  the  20-foot  long  Tyrannosaiirus  and  the  34-foot  long 
Allosanrns  were  examples  of  this  group.  From  forms  ancestral  to 
these  carnivorous  dinosaurs  there  developed  the  tremendous  herbivorous 
forms  such  as  Brontosaiirus  and  Diplodocus.  So  large  were  these  (they 
weighed  up  to  50  tons)  that  it  seems  unlikely  that  they  could  have 
walked  on  land ;  more  probable  is  their  having  been  semiaquatic  forms 
which  relied  on  the  support  of  the  water  for  their  mighty  bodies.  These 
represented  one  line  of  development,  the  so-called  reptilelike  dinosaurs. 

A  second  line  of  development  was  that  of  the  birdlike  dinosaurs 
which  were  primitively  biped.  Most  famous  of  these  are  the  duckbills 
(hadrosaurs).  Many  of  these  forms  reverted  to  the  four-footed  method 
of  locomotion  and  some  developed  remarkable  dorsal  spines.  These 
included  Stegosaurus,  Ankylosaurus,  and  the  famous  Triceratops  with 
its  three  horns  and  great  bony  protection  around  the  neck. 

The  winged  reptiles  were  the  third  group  to  develop  from  the 
thecodonts.  These  are  the  pterosaurs.  Though  most  were  small,  no 
larger  than  sparrows  in  fact,  others  were  very  large.  Pteranodon  was 
the  largest  of  these,  and  had  a  wing  spread  of  20  feet  and  a  skull  2 
feet  long.     It  had  no  teeth  and  the  tail  was  very  short. 

The  crocodiles  are  the  only  living  survivors  of  this  once  mighty 
group.  The  birds,  however,  represent  direct  descendants  of  the 
thecodont  stalk. 

THE  CLASS  AVES 

While  most  of  the  descendants  of  the  thecodonts  are  but  fossil 
remains,  one  branch  gave  rise  to  the  birds  which  at  present  are  at  the 
height  of  their  development  and  abundance.  These  "glorified  reptiles" 
have  become  so  completely  adapted  to  flight  that  they  seem  far  re- 
moved from  their  reptilian  progenitors.  Secondarily  some  forms  have 
even  lost  their  power  of  flight,  thus  demonstrating  that  like  other  sue- 
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cessful  groups  of  animals  they  have  become  adapted  to  all  habitats. 
Fundamentally,  however,  a  careful  examination  of  the  characteristics 
of  the  members  of  this  class  shows  that  all  their  distinctive  features 
are  really  adaptations  to  flight  and  basically  they  are  still  reptiles. 

Unfortunately  birds  with  their  delicate  bones  make  very  poor 
fossils,  and  the  record  of  their  development  is  very  sketchy.  There  are 
a  few  fossil  remains,  however,  which  indicate  the  line  of  development 
from  the  ancient  thecodonts  to  the  modern  representatives.  Two  of 
these,  Archaeopteryx  and  Archaeornis,  which  lived  in  the  upper  Jurassic 
show  many  features  transitional  between  the  early  ruling  reptiles  and 
the  birds. 

Both  these  fossils  were  found  in  limestone  deposits  in  Bavaria. 
Each  was  approximately  20  inches  long,  and  most  of  the  skeletal  features 
were  quite  reptilian-like.  They  had  elongate  jaws  equipped  with  teeth 
in  sockets ;  each  wing  had  clawed  digits  at  the  tip ;  the  metacarpals  were 
separate;  the  lizardlike  tail  had  13  vertebrae  from  each  of  which  long 
flight  feathers  originated ;  and  the  head,  neck,  and  part  of  the  body  were 
bare.  Both  forms  are  included  in  the  class  Aves,  however,  due  to 
the  fact  that  they  did  have  feathers.  These  feathers  incidentally  may 
be  indicative  of  a  homoiothermic  condition,  for  they  are  excellent  in- 
sulating material.  Flight  in  both  was  probably  quite  unlike  that  of 
many  of  our  modern  birds,  more  than  likely  they  simply  leaped  from 
branch  to  branch  and  used  the  wings  for  balancing  and  gliding. 

At  the  same  time  that  these  primitive  birds  were  hopping  and  gliding 
about  the  coniferous  forests  of  the  Jurassic,  another  experiment  in  flight 
was  taking  place  among  the  reptiles.  This  experiment  resulted  in  the 
bat-winged  pterosaurs.  They,  like  the  birds,  were  taking  to  the  air 
and  developing  structures  for  conquering  this  medium.  While  the  birds 
developed  feathers,  the  pterosaurs  utilized  a  lateral  extension,  a  skim- 
ming membrane,  which  was  attached  to  the  fourth  digit  of  each  hand. 
For  a  period,  the  pterosaurs  were  highly  successful,  but  this  line  of  de- 
velopment became  extinct  while  the  birds  continued  to  diversify  and  be- 
come a  successful  form. 

Characteristics  of  the  Class  Aves. — Birds  are  distinguished  from 
all  other  living  animals  by  their  possession  of  feathers.  Fundamentally 
these  are  but  modified  scales,  but  are  so  modified  as  to  present  a  com- 
pletely new  structure.  The  feathers  are  ideal  flight  structures,  for  they 
present  large  surfaces  for  support  combined  with  minimum  weight.     In 
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addition,  they  form  excellent  insulating  materials  for  the  homoiothermic 
condition  characteristic  of  the  birds. 

Nearly  everything  characteristic  of  the  members  of  this  class  is 
related  to  their  ability  to  fly.  Thus  the  anterior  pair  of  appendages  is 
modified  into  wings.  The  bones  of  the  wing  are  homologous  with  those 
of  the  mammalian  front  limb,  but  are  highly  modified  for  their  special 
function.  The  posterior  pair  of  appendages  is  variously  modified,  de- 
pending upon  the  habits  of  the  bird;  some  are  adapted  for  perching, 
some  for  swimming,  and  still  others  for  running. 

The  fully  ossified  skeleton  is  very  strong  though  extremely  light. 
This  combination  is  made  possible  by  the  fact  that  the  skeleton  is  very 
compact  and  many  of  the  bones  are  hollow.  The  skull,  too,  is  very  com- 
pact, and  the  bill  is  formed  of  a  projection  from  the  skull  covered  with 
a  light  horny  sheath.  There  are  no  teeth  in  modern  birds.  Like  the 
reptiles,  the  skull  has  but  a  single  occipital  condyle.  The  pelvis  is  fused 
to  a  large  section  of  the  vertebral  column  and  opens  ventrally.  There 
is  a  large  sternum,  often  with  a  keel,  to  which  the  muscles  of  the  wings 
are  attached. 

The  internal  anatomy  gives  further  evidence  of  the  remarkable  ad- 
justment of  these  animals  to  flight.  The  viscera  are  very  compactly  ar- 
ranged in  the  lower  part  of  the  abdomen.  The  female  in  most  cases 
has  but  a  single  ovary  and  oviduct.  There  is  no  bladder,  and  feces  are 
not  retained  within  the  lower  intestine.  All  of  these  adjustments  re- 
duce the  weight. 

The  compact  lungs  are  attached  to  the  ribs.  They  are  connected 
with  air  sacs  which  fill  all  the  spaces  between  the  visceral  organs  and 
extend  into  some  of  the  bones.  The  air  sacs  facilitate  the  rapid  ex- 
change of  gases  with  the  blood. 

The  adaptation  to  flight  has  also  necessitated  certain  radical  physi- 
ological adjustments.  Most  important  of  these  is  the  maintenance 
of  a  constant  body  temperature.  This  condition  has  freed  birds  from 
the  necessity  of  living  only  in  areas  with  a  favorable  temperature.  It 
has  enabled  them  to  invade  the  colder  regions  of  the  earth.  To  main- 
tain this  high  body  temperature,  they  have  a  very  high  metabolic  rate, 
a  rapid  heart  beat,  and  an  efficient  respiratory  exchange  mechanism. 
The  heart  has  four  chambers,  with  a  complete  separation  of  oxygenated 
and  unoxygenated  blood.  The  systemic  arches  are  reduced  to  the  right 
half  of  the  fourth  arch. 

The  high  metabolic  rate  and  activity  have  necessitated  a  greater 
consumption  of  food  by  the  birds.     Related  to  this  constant  search  for 
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food  has  been  the  development  of  highly  efficient  sense  organs,  particu- 
larly the  eyes. 

While  fertilization  is  internal,  the  eggs  are  never  retained  within 
the  body.  They  are  usually  laid  in  special  nests  constructed  by  the 
parents,  and  they  are  incubated  at  a  constant  temperature.  Essentially 
the  eggs  are  identical  with  those  of  the  reptiles,  having  the  typical  em- 
bryonic membranes  and  the  large  amount  of  yolk. 

The  birds  have  developed  complex  behavior  patterns  associated 
with  their  mating  habits,  their  search  for  food,  and  the  care  of  the  young. 
In  contrast  to  their  reptilian  forebears,  the  birds  are  very  vocal  animals. 
They  have  special  mating  calls  and  songs.  These  unusual  sounds  are 
made  possible  by  a  special  syrinx  at  the  base  of  the  trachea. 

The  Classification  of  the  Class  Aves. — Birds  have  been  divided 
into  two  main  subclasses : 

Subclass  1.  Archaeornithes.  The  lizardlike  birds  which  possessed  an  elon- 
gate tail,  and  teeth  in  sockets,  and  had  the  metacarpals  not  fused.  Ex- 
amples :  Archaeopteryx,  Archaeornis. 

Subclass  2.  Neornithes.  The  caudal  vertebrae  are  reduced  in  number,  the 
teeth  are  lacking  or  in  furrows,  the  metacarpals  are  fused.  Examples : 
Hesperornis,  a  fossil  bird,  and  all  recent  birds. 

The   Biology   of   Birds 

At  the  present  time,  birds  are  probably  at  the  zenith  of  their  de- 
velopment and  have  evolved  species  specialized  for  life  in  nearly  all  pos- 
sible habitats.  Since  there  are  some  30,000  different  forms  recognized, 
it  is  to  be  expected  that  there  is  almost  infinite  variation  of  certain 
structures  as  well  as  of  their  habits. 

Structural  Variations. — -As  a  group,  the  birds  are  structurally 
quite  homogeneous ;  such  variations  as  occur  are  adaptive  to  specific 
food  habits  or  ways  of  life.  These  variations  are  most  evident  in  the 
bills,  wings,  and  feet. 

Since  the  forelimbs  of  the  birds  are  useless  for  food  getting  or 
other  purposes,  the  bill  performs  many  diverse  functions.  The  bird 
uses  the  bill  not  only  for  food  getting,  but  for  nest  building,  preening 
of  feathers,  and  defense.  Seed-eating  birds  such  as  the  sparrows  have 
heavy,  conical  bills  adapted  for  crushing  and  hulling  their  hard  food. 
Insect-eating  birds  must  search  for  their  food  in  cracks  and  crevices  or 
in  the  soil ;  associated  with  this,  their  bills  tend  to  be  longer  or  wider. 
The  warblers  have  long  slender  bills  while  the  whippoorwill  has  a  veri- 
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table  insect  trap  formed  of  a  short  beak  and  a  wide  mouth  surrounded 
by  long  sensitive  hairs.  Woodpeckers  have  long  stout  bills  for  prob- 
ing in  wood.  The  woodcock  has  a  long  bill,  the  tip  of  which  is  sensi- 
tive and  can  be  opened  without  opening  the  rest  of  the  bill.  This  is 
useful  for  probing  in  soil  for  grubs.  Birds  of  prey  such  as  the  hawks 
have  heavy,  flesh-tearing  beaks.  A  further  remarkable  adaptation  is 
found  in  the  sieving  bills  of  the  ducks.  Water  and  mud  are  taken  in 
through  the  tip  of  the  beak  and  food  is  strained  out  by  the  sievelike  pro- 
jections along  the  sides.     Many  fish-catching  birds  such  as  the  bittern 


Fig.  205. — Structural  variations  in  the  bills  of  birds.  A,  Generalized  beak  of 
ring-necked  pheasant;  B,  straining  beak  of  canvasback  duck;  C,  spearing  beak  of 
bittern;  D,  probing  beak  of  greater  yellowlegs;  E,  beak  of  brown  pelican;  F,  chisel- 
like beak  of  hairy  woodpecker;  G,  carnivorous  beak  of  Swainson  hawk;  H,  insectiv- 
orous beak  of  nighthawk;  I,  insectivorous  beak  of  myrtle  warbler;  J,  graminivorous 
beak  of  black-headed  grosbeak;  K,  beak  of  red  crossbill.  (By  permission  from 
Animal  Biology  by  Wolcott,  copyright,   1946,  by  McGraw-Hill  Book  Company,   Inc.) 
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use  their  beaks  as  long  spears  for  catching  their  prey,  while  the  pelican 
has  its  beak  ventrally  enlarged  for  conveying  its  catch.  Other  fish- 
eating  birds  such  as  the  merganser  are  able  to  hold  fish  with  the  ser- 
rated edges  of  their  bills. 


Fig.  206. — The  feet  of  birds.  A,  Wading  foot  of  greater  yellowlegs;  B,  toti- 
palmate  foot  of  cormorant;  C,  swimming  foot  of  blue-winged  teal  duck;  D,  general- 
ized foot  of  ring-necked  pheasant;  E,  perching  foot  of  yellowthroat;  F,  raptorial  foot 
of  Swainson  hawk;  G,  syndactyl  foot  of  kingfisher;  H.  lobate  foot  of  coot;  /,  cling- 
ing foot  of  flicker;  J,  running  foot  of  ostrich.  (By  permission  from  Animal  Biology 
by  Wolcott,  copyright,  1946,  by  McGraw-Hill  Book  Company,  Inc.) 


In  a  few  cases,  the  tongue  is  modified  into  a  special  protrusible 
organ.  Most  remarkable  of  these  is  the  elongated  tongue  of  the  wood- 
pecker which  actually  curls  up  at  the  rear  of  the  skull.  This  tongue  is 
about  four  times  the  length  of  the  bill,  and  its  tip  is  equipped  with  barbs 
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for  spearing  grubs.  The  hummingbird  has  a  long  siphoning  tongue 
for  getting  nectar  from  flowers. 

Like  the  bills,  the  wings  of  birds  vary  with  the  habits.  Those  birds 
that  fly  long  distances  and  remain  in  the  air  for  extended  periods  of 
time  have  broad,  strong  wings ;  those  birds  that  only  fly  for  short  dis- 
tances have  short,  rounded  wings.  Some  birds  that  are  adjusted  for  an 
aquatic  life,  such  as  the  penguins,  have  their  wings  modified  as  flippers 
that  propel  the  bird  rapidly  in  water.  Among  running  birds  such  as 
the  ostrich,  the  wings  are  reduced  and  no  longer  serve  for  flight. 

As  the  bills  are  adapted  to  the  food  habits  of  birds  so  the  legs  and 
feet  likewise  are  modified  to  suit  the  various  ways  of  life.  Most  birds 
have  four  toes,  three  in  front  and  one  behind.  The  small  perching  birds 
have  small  feet  with  slender  toes  which  function  like  clamps.  When 
the  bird  alights,  the  toes  automatically  lock  in  place  on  the  limb  and  do 
not  release  until  the  leg  is  straightened  for  flight.  The  sleeping  bird 
thus  is  in  no  danger  of  falling  from  its  precarious  perch.  Swimming 
birds  such  as  the  ducks  have  webbed  feet  for  rapid  propulsion  through 
the  water.  Wading  birds  have  long  slender  legs  and  toes  for  distribut- 
ing their  weight  over  the  soft  substrate.  Birds  of  prey  such  as  hawks 
and  eagles  have  heavy  toes  with  talons  for  tearing  and  grasping  prey. 
Most  ground-dwelling  birds  (quail,  etc.)  have  heavy  feet  for  scratch- 
ing on  the  ground.  The  woodpeckers  which  climb  up  branches  have 
two  toes  in  front  and  two  in  back  to  aid  them.  Even  more  highly  modi- 
fied is  the  foot  of  the  ostrich  in  which  the  number  of  toes  is  reduced  to 
only  two. 

Habit  Variations. — Structurally  the  birds  are  a  very  homogeneous 
group,  but  certainly  this  homogeneity  does  not  extend  to  their  habits. 
And  nowhere  is  the  variation  of  habits  more  evident  than  in  their 
mating  and  reproductive  behavior.  With  some  birds,  the  courting  be- 
havior consists  only  of  some  noisy  singing  from  a  perch ;  with  others,  it 
results  in  elaborate  displays.  Many  examples  of  this  behavior  can  be 
cited.  The  male  woodcock  when  courting  the  female  whirls  upward 
to  a  height  of  about  50  feet,  then  suddenly  circles  and  descends ;  when 
he  reaches  the  ground,  he  struts  about  in  front  of  his  mate.  All  the 
grouse  have  elaborate  courtship  patterns  which  involve  gregarious  dis- 
plays. The  eastern  prairie  chicken  or  prairie  grouse  can  often  be 
heard  for  long  distances  as  they  boom  on  their  spring  mating  grounds. 
Here  the  males  strut  about,  inflate  their  orange  air  sacs,  and  droop 
their  wings  and  spread  their  tails.     Now  and  then  males  approach  each 
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other  and  engage  in  feathery  duels.  Some  of  the  tropical  birds  such  as 
the  birds  of  paradise  of  New  Guinea  have  even  more  elaborate  rituals. 

In  nest  building  and  care  of  the  young,  great  differences  occur 
among  the  various  bird  species.  A  few  birds  such  as  the  cowbird  of  this 
country  and  the  cuckoo  of  Europe  disdain  all  care  of  their  young.  They 
lay  their  eggs  in  the  nests  of  other  birds,  and  their  precocious  young 
literally  push  the  hosts'  offspring  out  of  the  nest.  The  mourning  dove 
makes  a  careless  nest  of  hastily  thrown  together  twigs,  a  striking  con- 
trast to  the  elaborately  woven,  hanging  nest  of  the  oriole.  The  birds  of 
the  prairies  construct  their  nests  of  grasses  and  feathers  directly  on  the 
ground.  In  Africa,  one  bird,  the  weaver  bird,  builds  communal  nests 
in  which  many  pairs  carry  on  their  nesting  activities  at  the  same  time. 

Both  in  the  number  of  eggs  and  the  care  and  development  of  the 
young  differences  likewise  occur.  The  young  of  most  ground-nesting 
forms  hatch  in  a  very  mature  condition,  and  can  run  about  searching 
for  food  and  shelter  as  soon  as  they  emerge  from  the  eggs.  These  are 
called  precocial  birds.  They  contrast  with  the  condition  found  in  most 
birds  which  nest  above  the  ground.  Among  these  latter,  the  young 
hatch  in  a  very  immature  stage  and  require  considerable  parental  care 
before  they  are  able  to  fly.  A  few  such  as  the  group  to  which  the 
doves  belong  secrete  a  special  substance  known  as  pigeon  milk  for  the 
nourishment  of  their  young.  Such  helpless  young  are  known  as  altri- 
cial  birds. 

In  many  species,  the  incubation  and  care  of  the  eggs  is  a  task  for 
both  parents ;  in  others  only  one  takes  charge.  Some  species  map  out 
territories  which  they  defend  vigorously  against  intruders  and  es- 
pecially against  birds  of  their  own  species.  The  house  wren  is  a  par- 
ticularly noisy  territorial  defender. 

Migi'ation.— One  of  the  best  known  and  least  understood  aspects 
of  bird  behavior  is  that  of  migration.  Migration  is  very  limited  in  some 
species ;  for  example,  the  bird  may  simply  move  up  and  down  a  moun- 
tain in  an  altitudinal  movement  corresponding  to  the  changing  seasons. 
Others  may  move  only  a  few  hundred  miles  from  one  area  to  another. 
Usually  these  movements  are  in  a  north-south  direction  in  the  fall  and 
the  reversal  in  the  spring. 

The  majority  of  the  smaller  birds  of  the  United  States  and  Canada 
spend  their  winters  in  southern  Mexico,  Central  America,  or  northern 
South  America.  In  performing  these  long  migrations,  they  usually 
follow  certain  definite  routes  known  as  jlyzvays. .   In  the  United  States 
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there  are  four  definite  migratory  routes :  one  extending  along  the  east 
coast,  a  second  through  the  Mississippi  Basin,  a  third  through  the  Great 
Plains,  and  the  fourth  along  the  west  coast.  A  great  many  of  the 
smaller  birds  do  most  of  their  flying  at  night  and  rest  and  feed  during 
the  day ;  many  of  the  waterfowl  fly  in  great  flocks.  Most  of  the  smaller 
birds  have  definite  times  for  their  movements,  while  the  waterfowl  tend 
to  depend  more  upon  the  vagaries  of  the  weather.  Usually  the  forward 
movement  is  about  25  miles  a  day ;  however,  those  birds  which  cross 
vast  water  areas  such  as  the  Gulf  of  Mexico  may  do  the  500  miles  in 
a  single  night.  Even  the  tiny  ruby-throated  hummingbird  performs 
this  feat !  During  their  migratory  movements,  the  birds  average  about 
30  miles  per  hour,  but  there  is  great  variation  in  this  rate  of  speed. 

The  greatest  migrator  of  all  as  judged  from  the  distance  traveled 
is  the  arctic  tern.  It  breeds  in  the  far  north  with  the  breeding  area 
extending  from  7^  degrees  south  of  the  pole  to  Massachusetts.  After 
the  young  hatch,  the  birds  undertake  the  long  hazardous  journey  to  the 
Antarctic  continent  some  11,000  miles  away.  In  this  journey,  they  cross 
the  Atlantic  to  Europe  and  head  southward  along  the  African  continent, 
finally  terminating  the  trip  in  the  islands  of  the  Antarctic.  The  golden 
plover  has  a  migration  path  nearly  as  remarkable  as  the  arctic  tern. 
Its  nesting  ground  likewise  is  in  the  far  north.  In  late  August  it  starts 
the  long  trek  toward  the  pampas  of  Argentina.  At  times  it  covers  as 
much  as  2,400  miles  without  stopping.  This  route  towards  Argentina 
goes  along  through  the  lesser  Antilles,  the  Guianas,  and  Central  Brazil. 
The  birds  remain  in  Argentina  until  the  following  March.  When  re- 
turning to  their  breeding  grounds,  the  birds  fly  northward  through 
Central  America  and  up  through  the  Mississippi  fly  way  to  northern 
Canada. 

In  contrast  to  these  birds  are  those  that  scarcely  move  from  the  vi- 
cinity of  the  nest  in  which  they  were  hatched.  The  bobwhite,  the  cardi- 
nal, the  Carolina  wren,  and  some  woodpeckers  are  examples  of  these. 

Many  theories  have  been  formulated  to  account  for  these  amazing 
mass  movements.  None  of  them,  however,  seems  entirely  satisfactory. 
Clearly  the  fact  that  a  bird  makes  its  first  trip  often  without  the  adult 
indicates  that  migration  is  an  inherited  behavior  pattern  of  great  com- 
plexity. Factors  such  as  length  of  day  have  been  shown  definitely  to  af- 
fect the  gonads,  and  secondarily  to  "trigger"  the  start  of  the  migration. 

The  birds  of  the  South  American  continent  migrate  northward  dur- 
ing the  winter  season,  but  these  movements  are  not  so  extensive  as  those 
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of  the  birds  of  the  North  American  continent.     The  birds  of  Europe 
also  show  these  same  mass  movements  toward  Africa. 

Economic  Importance  of  Birds. — Economically  birds  may  be 
ranked  among  the  most  important  of  the  vertebrates.  Many  of  the 
wild  birds  feed  largely  on  noxious  insects  and  weed  seeds.  Without 
their  constant  feeding,  both  insects  and  weeds  would  be  even  more  diffi- 
cult to  control.  The  hawks  and  owls  feed  largely  on  small  rodents  and 
aid  materially  in  reducing  the  population  of  these  destructive  animals. 

Birds  have  always  been  an  important  food  item  to  human  beings, 
and  their  present  commercial  prodviction  constitutes  an  important  in- 
dustry. Both  their  flesh  and  eggs  are  highly  valued.  Of  somewhat 
lesser  importance  are  their  feathers. 

To  the  sportsman,  game  birds  such  as  quail,  ducks,  geese,  and  pheas- 
ants are  important  for  the  pleasure  which  he  gets  from  hunting  them. 
Finally  there  are  the  many  uncounted  persons  who  gain  unmeasured 
pleasure  from  their  observation  and  study  of  wild  birds.  Certainly  all 
of  our  lives  would  be  somewhat  drabber  without  the  songs  and  bright 
colors  of  our  common  birds. 

The   Orders   of   Birds 

The  30,000  recent  and  fossil-known  birds  are  grouped  into  some 
thirty  orders.    These  are  as  follows : 

Subclass   1.     Archaeornith«s. 

Order  1.    Archaeopterygiformes.    Examples:    Archaeoptery.v  and  Archaeornis. 

Subclass  2.    Neornithes. 

Superorder  Odoniognathae...  New  World  toothed  birds. 

Order  1.  Hesperornithiformes.  Examples:..  Hesperornis  from  Cretaceous 
deposits  of  Kansas  and  Montana.  Were  diving,  swimming,  flightless 
birds  with  teeth  set  in  grooves  and  with  webbed  feet,  and  were  about  4 
feet  in  length. 

Order  2.  Ichthyornithiformes.  Example:  Ichthyornis  from  Cretaceous  de- 
posits of  Kansas.  Had  w-ell-developed  wings,  teeth  set  in  sockets;  were 
small,  about  the  size  of  a  pigeon. 

Superorder  Palacognathae.     Walking  birds,   flightless,   without  teeth. 

Order  1.  Caenagnathiformes.  Example.  Caenagnathus,  fossil  form  from  upper 
Cretaceous. 

Order  2.    Struthioniformes.    Example:     ostriches  of  Africa. 

Order  3.    Rheiformes.  Rhea,  large  running  birds  from  South  America. 

Order  4.  Casuariiformes.  Examples:  cassowaries  from  Australia  and  emus 
from  New  Guinea. 
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Fig.  207. — Representatives  of  orders  of  birds,  a,  Brown  pelican;  b,  lieron;  c. 
hummingbird;  d,  cardinal,  e,  swallow;  /,  mallard  duck;  g,  penguin;  h,  great  horned 
owl;  i,  flicker;  j,  ostrich;  k,  sandpiper;  I,  golden  eagle;  in,  Carolina  parakeet. 
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Order  5.    Dinornithiformes.     Example:     moas,   large  birds   but  recently  ex- 
tinct, from  New  Zealand. 
Order    6.    Aepyornithiformes.      Example:      elephant    birds,    recently    extinct, 

from  Madagascar. 
Order  7.    Apterygiformes.    Example :  kiwis,  medium-sized  birds  with  hairlike 

feathers,  nesting  in  burrows,  from  New  Zealand. 
Order  8.    Tinamiformes.    Example :    tinamous,  game  birds  of  the  American 

tropics. 
Superorder  Impcnnac.     Birds  with  paddlelike  forelimbs. 

Order  1.    Sphenisciformes.     Example:     penguins  of  the  southern  hemisphere. 
Superorder  Neognathac.     Modern  flying  birds. 
Order  1.    Gaviiformes.     Example:  loons. 
Order  2.    Colymbiformes.     Example:     grebes. 

Order  3.    Procellariiformes.     Examples :     albatrosses ,  fulmars,  and  petrels. 
Order  4.    Pelecaniformes.      Examples :      pelicans,    cormorants,    boobies,    and 

gannets. 
Order  5.    Ciconiiformes.    Examples :     storks,  ibises,  herons,  and  flamingos. 
Order  6.    Anseriformes.     Examples :  ducks,  geese,  swan. 
Order  7.    Falconiformes.      Examples:      vultures,    kites,    hawks,    falcons,    and 

eagles. 
Order  8.    Galliformes.     Examples:     turkeys,  grouse,   pheasants,   and  quail. 
Order  9.    Gruiformes.     Examples :     coots,  rails,  and  cranes. 
Order  10.    Diatrymiformes.     Example :     Diatryvia  from  the  Eocene  of  west- 
ern United  States. 
Order  11.    Charadriiformes.    Examples:     gulls,  auks,  shore  birds,  and  waders. 
Columbiformes.     Examples :     pigeons  and  doves. 
Cuculiformes.     Examples :  road  runner,  cuckoos,  and  anis. 
Psittaciformes.  Example :   parrots. 
Strigiformes.     Example :     owls. 

Caprimulgiformes.      Examples :     nighthawks     and     whippoorwills. 
Micropodiformes.     Examples :     swifts  and  hummingbirds. 
Coliiformes.     Examples :     colies  or  mouse  birds  of  Africa. 
Trogoniformes.    Example :     trogons  of  Central   America,   Alexico, 
and  southern  Arizona. 
Order  20.    Coraciiformes.     Example :     kingfishers. 
Order  21.    Piciformes.     Examples:     toucans,  woodpeckers,  puffbirds,  barbets, 

jacamars,  honey  guides. 
Order  22.    Passeriformes.    Examples :    the  perching  birds. 
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CHAPTER  31 

THE  TETRAPODA:    MAMMALS 


The  cotylosaurs  or  stem  reptiles  gave  rise  to  many  diverging  lines 
of  animals.  One  of  these  ultimately  produced  the  most  successful  of 
the  modern  vertebrates,  the  mammals.  The  development  from  the  stem 
reptiles  to  the  modern  mammals  was  a  long  process,  lasting  from  the 
Upper  Carboniferous  to  the  present  time  (Fig.  203).  While  it  is  pos- 
sible to  trace  the  main  line  of  development,  much  detail  is  obscured  by 
the  sheer  diversity  of  species.  Many  forms  flourished  and  died  through 
the  millions  of  years  before  finally  the  modern  mammals  emerged  from 
this  seeming  chaos. 

The  first  group  of  reptiles  in  this  line  were  the  pelycosaurs  which 
arose  in  the  Upper  Carboniferous  and  reached  their  height  of  develop- 
ment during  the  early  Permian.  These  were  very  primitive  reptiles, 
but  they  had  skull  characters  which  indicate  that  they  were  the  first 
step  toward  the  mammals.  A  primitive  pelycosaur  such  as  Varanops 
shows  but  little  evidence  of  its  potentialities ;  it  appeared  to  be  a  pe- 
culiar lizard.  More  highly  specialized  forms  such  as  Dimetrodon, 
with  its  strange  dorsal  sail,  had  skull  and  teeth  characters  that  were 
somewhat  mammal-like. 

During  the  late  Permian  and  early  Triassic  another  group  of  un- 
usual reptiles  arose.  These  were  the  therapsids  or  mammal-like  rep- 
tiles. Genera  such  as  Cynognathus  and  Lycaenops  are  characteristic  of 
this  period  of  development.  Cynognathus,  the  dog-jawed  reptile  had 
teeth  that  were  in  sockets  and  also  were  differentiated  into  various 
types.  Further  the  legs  supported  the  body  in  a  very  definitely  mammal- 
like manner,  and  as  nearly  as  can  be  judged,  Cynognathus  was  homoio- 
thermic.  This  conclusion  is  based  on  the  presence  of  structures  which 
allowed  for  uninterrupted  breathing  and  the  possible  presence  of  a 
diaphragm.  Although  these  forms  disappeared  from  the  fossil  record 
of  the  Jurassic,  they  were  exceedingly  abundant  during  the  early  Tri- 
assic.    It  appears  that  they  were  unable  to  compete  with  the  highly 
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successful  and  diversified  reptiles  of  that  period.  A  few  of  the  therapsids 
must  have  survived,  but  they  were  so  overshadowed  by  the  towering 
reptiles  that  they  could  not  have  been  of  any  significance.  Until  the 
dinosaurs  and  their  innumerable  relatives  were  destroyed  in  the  cata- 
clysmic changes  which  marked  the  end  of  the  Mesozoic  era,  the  mammal- 
like reptiles  could  not  go  about  their  business  of  development. 

The  Cretaceous  marks  the  beginning  of  our  modern  period.  The 
continents  gradually  assumed  their  present  form,  the  modern  plants 
began  their  rise,  and  the  mammals  started  their  diversification.  Dur- 
ing the  Cretaceous,  the  three  modern  forms  of  the  mammals  were  pres- 
ent. These  were  the  Prototheria  as  represented  by  the  duck-billed 
platypus;  the  Metatheria,  the  marsupials;  and  the  Eutheria  or  true 
mammals.  These  three  forms  differentiated  during  the  Jurassic,  but 
the  fossil  remains  are  so  sparse  that  the  details  are  obscure.  The  egg- 
laying  prototherians  appeared  during  the  Jurassic,  and  are  left  today 


Fig.  208. — Lycaenops.  the  mammal-like  reptile  from  the  late  Permian  of  South 
Africa.  (After  Colbert,  from  Romer:  The  Vertebrate  Body,  W.  B.  Saunders 
Company.) 

as  only  a  few  species  living  in  the  continent  of  Australia  and  neigh- 
boring islands.  These  highly  specialized  animals,  however,  cannot 
be  regarded  as  ancestors  of  the  higher  mammals.  The  other  two 
groups  of  mammals  must  have  separated  very  early  for  the  marsupials 
were  very  abundant  during  the  latter  Cretaceous.  At  present,  the 
marsupials  are  abundant  only  in  Australia  where  they  have  evolved  in 
numerous  different  forms  adapted  to  many  different  types  of  habitats. 
During  much  of  the  Tertiary,  the  continent  of  South  America  had  many 
diverse  marsupials,  but  these  failed  to  survive  after  the  North  Ameri- 
can continent  was  again  joined  to  South  America.  This  permitted  the 
more  assertive  placental  carnivores  to  flood  down  to  South  America 
and  usurp  the  places  occupied  by  the  marsupials.     At  present,   only 
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a  few  marsupials  are  left  in  either  continent.     In  the  United  States 
there  is  but  one  species,  the  Virginia  opossum. 

The  first  true  placental  mammals  appeared  during  the  Cretaceous 
and  of  course  were  completely  overshadowed  by  the  doomed  dinosaurs. 
The  first  placental  mammals  must  have  been  small,  shy  forms  which 
fed  mainly  on  soft  vegetation  and  insects.  The  present-day  members 
of  the  order  Insectivora  which  includes  the  shrews  are  closest  to 
these  ancestral  forms.  From  this  primitive  insectivore,  all  the  many 
successful  mammals  gradually  emerged.  The  present-day  mammals 
have  diversified  and  now  occupy  nearly  all  possible  habitats :  some  such 
as  the  bats  have  taken  to  the  air ;  the  whales  and  porpoises  have  be- 
come marine  animals ;  the  primates  took  to  the  trees  and  secondarily 
descended;  swarms  of  ungulates,  rodents,  and  many  carnivores  popu- 
late the  ground,  and  some  insectivorous  forms  and  rodents  burrow 
under  the  soil. 

The  great  success  of  the  mammals  is  attributable  to  many  different 
features.  Among  these  is  the  homoiothermic  condition,  intrauterine  de- 
velopment, care  of  the  young,  the  efficient  respiratory,  circulatory,  and 
excretory  systems,  and  finally  the  extreme  development  of  the  ner- 
vous system.  The  brain  of  mammals  sets  them  apart  from  all  other 
living  groups.  This  development  reaches  its  highest  in  man,  and  per- 
haps even  greater  potentialities  exist  than  can  be  imagined. 

Characteristics  of  the  Class. — The  most  obvious  characteristic 
which  distinguishes  mammals  from  all  other  animals  is  their  posses- 
sion of  hair.  In  some  forms,  the  amount  of  hair  is  extremely  re- 
duced; in  the  whale,  for  example,  hair  is  present  only  on  the  embryo. 
The  hairy  covering  is  molted  periodically  and  replaced.  It  is  an  effici- 
ent insulator,  thus  is  important  in  the  maintenance  of  the  homoio- 
thermic condition.  In  addition  to  the  hair,  the  skin  is  rich  in  glands, 
including  sweat,  scent,  sebaceous,  and  the  mammary. 

The  jaws  are  provided  with  differentiated  teeth  in  sockets.  The 
type  and  number  of  teeth  present  vary  with  the  food  habits  of  the  ani- 
mal. Ordinarily  the  tongue  is  quite  movable.  The  ears  are  provided 
with  a  fleshy  pinna,  and  the  eyelids  are  movable.  The  skull  has  two 
occipital  condyles,  and  there  are  ordinarily  only  seven  cervical  vertebrae. 

Various  structures  of  the  body  are  modified  in  relation  to  the  habits 
of  the  animals ;  for  example,  the  two  pairs  of  legs  may  be  modified  for 
swimming,  walking,  running,  digging,  grasping,  or  even  fiying. 
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The  circulatory  system  is  highly  efficient  as  is  necessary  in  the 
maintenance  of  homoiothermy.  The  heart  is  four-chambered,  and  there 
is  complete  separation  of  oxygenated  and  unoxygenated  blood.  Only 
the  left  fourth  aortic  arch  persists  as  the  systemic  arch ;  the  sixth  aortic 
arches  serve  as  pulmonary  arteries.  All  respiration  is  through  the 
lungs.  The  inspiration  and  expiration  of  air  is  accomplished  by  changes 
of  pressure  in  the  chest  cavity  mediated  by  the  intercostal  muscles  and 
the  muscular  diaphragm.  This  diaphragm,  separating  the  thoracic  and 
abdominal  cavities,  is  a  unique  development  with  the  mammals. 

The  nervous  system  is  highly  developed  with  a  large  complex  brain. 
Characteristic  of  the  mammalian  brain  is  the  tremendous  enlargement 
of  the  cerebrum.  The  optic  lobes  are  subdivided  into  the  corpora 
quadrigemina. 

The  kidney  is  of  the  metanephric  type,  but  has  many  more  tubules 
than  that  of  the  reptiles.  Urinary  wastes  are  stored  in  the  urinary 
bladder  until  voided. 

Fertilization  is  internal  in  all  forms,  and  the  male  has  a  copulatory 
organ,  the  penis,  for  transference  of  the  sperm  to  the  female  vagina. 
The  eggs  are  usually  minute  and  with  virtually  no  yolk.  Except  for 
the  Prototheria,  development  of  the  young  takes  place  in  the  uterus 
of  the  female.  Among  the  marsupials,  the  period  of  intrauterine  de- 
velopment is  very  brief,  and  the  "embryos"  continue  their  develop- 
ment in  the  marsupium,  an  external  pouch  on  the  belly  of  the  female. 
Among  the  Eutheria,  the  embryonic  membranes  are  variously  modified, 
and  the  developing  fetus  is  nourished  through  the  placental  attach- 
ment. After  birth,  the  young  are  nourished  by  the  secretions  of  the 
mammary  glands. 

The  Classification  of  the  Mammals. — All  the  approximately 
15,000  species  of  living  mammals  are  grouped  into  some  eighteen 
orders.  The  separations  are  based  on  various  structural  characters  such 
as  skull,  teeth,  limb  modifications,  and  special  structures. 

Subclass  Prototheria. 

Order  1.    Monotremata.    Examples:    duckbills,  Ornithorhynchus;  spiny  "ant- 
eaters,"  Tachyglossus  and  Zaglossus. 

Subclass  Theria. 

Infraclass  Mctatheria. 

Order  1.    Marsupialia.    Examples:    Virginia   opossum,   Didclphis  virginiana; 
numerous  marsupials  of  Australia. 
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Infraclass  Euthcria. 

Order  1.    Insectivora.     Examples:    shrews,  Sorer  sp.,  Blarina. 

Order  2.    Dermoptera.    Example:    flying  lemur,   Cynocephalus. 

Order  3.    Chiroptera.     Examples  :     spear-nosed  bat,  Phyllostomns;  brown  bats, 

Myotis;  common  bats,  Eptesicus. 
Order    4.      Primates.     Examples :  lemurs,  Lemur;  howler  monkey,  Alouatta; 

man,  Homo  sapiens. 
Order  5.    Pholidota.    Example :    pangolin  or  scaly  anteater,   Manis. 
Order  6.    Edentata.    Examples :  giant  anteater,  Myrmecophaga;  two-toed  tree 

sloth,  ChoJocpus;  armadillo,  Dasyptis. 
Order    7.    Lagomorpha.      Examples :      cottontail    rabbit,    Sylz'Hagus;    hares, 

Lepus. 
Order  8.    Rodentia.     Examples:     beaver,    Castor;    tree    squirrels,    Sciurus; 

prairie  "dog"  Cynoiuys;  rat,  Rattus. 
Order  9.    Cetacea.    Examples :    narwhale,   Monodon;    common   dolphin,    Dcl- 

phinus  porpoise,  Phocaena. 
Order  10.    Carnivora.    Examples:    dog,   Canis;  gray  fox,   Urocyon;  raccoon, 

Procyon;  mink,  Mustela;  skunk,  Mephitis;  cats,  Fclis. 
Order  11.    Tubulidentata.     Example:     aardvark,  Oryctcropus. 
Order   12.    Proboscidea.     Examples :     African   elephant,    Loxodonta;    Asiatic 

elephant,  Elcphas. 
Order  13.    Hyracoidea.     Example:    coney,  Procavia. 
Order  14.    Sirenia.    Examples:    dugong  or  sea  cow,  Dh^to;; 7;  manatee,  TnV/ic- 

chus. 
Order  15.    Perissodactyla.    Examples :    horse,   Equus;   tapirs,    Tapirus;   rhin- 
oceros, Rhinoceros. 
Order  16.    Artiodactyla.     Examples :    pig,      Sus;   camel,   Camelus;   American 

deer,  Odocoileus;  domestic  cattle.  Bos. 

THE  ORDERS  OF  MAMMALS 

The  numerotis  orders  of  living  mammals  show  not  only  diversity 
of  structure,  but  also  remarkable  habits  and  ways  of  life.  They  are 
adapted  to  all  possible  environments  and  show  an  amazing  array 
of  habits.  While  it  is  impossible  to  discuss  all  the  15,000  or  so  species 
of  living  mammals,  it  is  possible  to  consider  the  various  orders  with 
some  of  their  better  known  representatives. 

Order  Monotreniata. — These  peculiar  animals  are  confined  to 
Australia,  Tasmania,  and  New  Guinea.  Despite  the  fact  that  they 
lay  eggs  and  incubate  them,  they  are  mammals.  The  hairy  body  cover- 
ing and  the  nourishment  of  the  yovmg  by  mammary  glands  are  sufficient 
to  indicate  their  true  relationships.  Other  characters  possessed  by 
them  and  which  make  them  truly  unique  are  the  possession  of  coracoid 
and  precoracoid  bones,  a  horny  beak,  teeth  present  only  in  the  >oung. 
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a  cloaca,  no  pinna,  a  penis  which  conducts  only  sperm,  and  oviducts 
which  enter  the  cloaca  separately.  The  mammary  glands  are  only 
diffuse  glands  on  the  ventral  surface  of  the  body ;  the  young  must  lap 
the  milk. 

There  are  three  genera  in  this  order,  the  best  known  of  which  is 
Ornithorhynchus,  represented  by  0.  anatinns,  the  duck-billed  platypus 
of  Australia. 

The  adult  male  platypus  is  about  24  inches  long  and  the  body  is 
covered  with  a  thick  grayish  brown,  velvety  fur.  The  beak  is  shaped 
like  a  duck's  bill  and  is  covered  with  a  leathery  material.  The  feet  are 
webbed,  and  the  hind  foot  of  the  male  has  a  spur  connected  to  a  poison 
gland.     The  tail  is  very  short. 

During  the  day,  the  platypus  remains  in  a  burrow  dug  in  the  bank 
of  some  stream;  they  emerge  at  night  to  feed  upon  worms,  crayfish, 
snails,  and  other  small  aquatic  animals  of  which  they  consume  tremen- 
dous numbers.  The  nest,  formed  of  plant  materials,  is  made  in  an  en- 
larged chamber  at  the  end  of  the  burrow.  Here  the  two  or  three 
small  eggs  are  incubated  by  the  female.  They  hatch  in  about  two 
weeks.  The  small  young  (about  one  inch  in  length)  are  quite  helpless. 
They  are  nursed  by  the  female  until  they  have  attained  a  size  nearly 
equal  to  that  of  the  parent. 

The  other  two  genera  in  this  small  order  are  Tachyglossus  and 
Zaglossus.  They  are  generally  known  as  the  spiny  "anteaters."  Both 
have  as  their  chief  item  of  diet  ants  or  termites.  Both  carry  their  egg 
in  a  special  pouch  rather  than  placing  it  in  a  nest. 

Order  Marsupialia. — The  marsupials,  like  the  monotremes,  seem 
like  relics  from  an  ancient  past,  for  the  young  are  carried  in  a  pouch 
on  the  belly  of  the  female.  The  young  are  born  after  a  very  brief  gesta- 
tion period,  and  emerge  from  the  vagina  as  "larvae."  They  more  or 
less  "swim"  through  the  mother's  hair  to  the  pouch  where  they  attach 
to  a  nipple.  Here  they  remain  attached  for  a  period  of  time,  complet- 
ing their  development.  Since  they  are  too  immature  to  suck,  the  mother 
actually  pumps  the  milk  into  their  attached  mouths.  In  addition  to  the 
marsupium  or  pouch,  these  animals  have  other  unique  characteristics; 
usually  there  is  no  placenta,  the  female  has  a  double  vagina  and  uterus, 
and  the  incisor  teeth  are  not  equal  on  the  two  jaws. 

At  one  time,  the  marsupials  were  widely  distributed  over  most 
of  the  world.  At  present,  however,  most  are  confined  to  Australia, 
and  the  neighboring  islands.     In  the  New  World,  several  species  still 


632         The  Animal  Kingdom 


Fig.  209. — Some  representative  mammals,  a,  Didelphis,  the  opossum;  b,  Blarina, 
the  short-tailed  shrew;  c,  Dasypus,  an  armadillo;  d,  Orycteropus,  the  aardvark;  e, 
Myotis,  the  brown  bat;  /,  Cynocephalus,  the  flying  lemur;  g,  Ornithorhynchus,  the 
duck-billed  platypus;  h,  Manis,  the  pangolin  or  scaly  anteater;  i,  Physeter,  the  sperm 
whale;  j,  Peromyscus,  deer  mouse;  fc,  Dugong,  the  sea  cow;  I,  Tarsius,  the  tarsier. 
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survive.  The  most  famous  of  these  is  the  well-known  and  abundant 
Virginia  opossum,  Didelphis  virginiana,  a  species  which  is  extremely 
generalized  in  its  structure.  It  is  usually  considered  to  be  almost  iden- 
tical with  the  type  of  animal  from  which  the  many  diverse  marsupials 
developed. 

The  Virginia  opossum  at  first  sight  appears  to  be  a  helpless  primi- 
tive sort  of  animal  which  by  all  rights  should  be  unable  to  compete 
with  more  highly  developed  mammals  and  with  man.  Surprisingly 
enough,  not  only  has  it  survived,  but  in  recent  years  has  become  even 
more  abundant.  Perhaps  this  can  be  attributed  to  its  generalized  struc- 
ture and  nocturnal  habits. 

In  Australia,  the  marsupials  have  developed  and  diversified  so  as 
to  fit  all  possible  habitats.  This  development  is  traceable  to  the  early 
separation  of  Australia  from  the  rest  of  the  world.  The  marsupials 
were  thus  able  to  evolve  without  competition  from  the  more  aggressive 
placental  mammals.  Some  of  these  marsupials  include  the  marsupial 
cat,  Dasyurus;  the  marsupial  wolf,  Thylacimis;  the  marsupial  mole, 
Notoryctes;  the  phalangers  which  resemble  flying  squirrels ;  the  mar- 
supial bear,  the  koala,  Phascolarctos ;  and  the  kangaroos  and  wallabies 
which  correspond  in  habits  to  our  prairie  ungulates.  These  kangaroos 
vary  all  the  way  from  the  huge  grassland  kangaroos  to  the  tiny  tree- 
climbing  kangaroos. 

Order  Insectivora. — -There  is  no  one  specific  character  which  dis- 
tinguishes the  members  of  this  order  from  those  of  others,  rather  it  is 
a  series  of  characteristics.  In  general,  they  are  small  forms  with  a 
somewhat  prolonged  snout.  The  eyes  are  small,  the  brain  is  simple, 
the  teeth  are  low  and  have  sharp  cusps,  and  there  are  usually  five  toes 
on  each  foot. 

The  most  familiar  forms  are  the  moles  which  burrow  through  the 
soil.  They  are  real  specialists  in  underground  excavating.  The  front 
legs  are  very  powerful  and  broad  for  digging,  the  fur  is  dense,  the 
eyes  are  reduced,  and  the  pinna  of  the  ear  is  absent.  The  common 
prairie  mole,  Scalopus  aquaticus,  is  very  abundant  throughout  the  east- 
ern half  of  the  United  States.  Their  burrows  are  visible  above 
ground  as  broken  ridges  of  dirt.  These  result  from  the  activities  of 
the  animals  as  they  search  for  food  near  the  ground's  surface.  This 
food  consists  chiefly  of  earthw^orms  and  insect  larvae. 

Some  of  the  members  of  the  family  Soricidae,  the  shrews,  are  the 
smallest  of  the  known  mammals.     In  the  United  States,  several  genera 
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are  represented,  including  Sorex,  Blarina,  and  Microsorex.  Sorex  cin- 
ereus,  the  masked  shrew,  is  only  80  to  109  mm.  long  and  weighs  less 
than  6  grams.  This  intensely  active  mammal  is  constantly  on  the  search 
for  food  to  maintain  its  exceptionally  high  rate  of  metabolism.  One 
captive  female  was  observed  to  eat  three  and  three-tenths  times  her 
weight  in  food  in  a  twenty-four-hour  period.  No  doubt  this  voracious 
appetite  makes  these  animals  exceptionally  valuable  as  destroyers  of 
noxious  insects,  small  mice,  and  larvae. 

The  Old  World,  too,  has  its  complement  of  insectivores,  including 
the  hedgehog,  the  water  shrews,  tree  shrews,  elephant  shrews,  and  the 
golden  mole  of  South  Africa. 

Order  Dermoptera. — This  order  includes  the  flying  lemurs,  Cyno- 
cephalus,  of  the  family  Cynocephalidae,  which  are  found  in  the  East 
Indies,  southeast  Asia,  and  the  Philippines.  In  appearance  these  forms 
resemble  the  flying  squirrels  of  this  country,  but  they  have  doglike 
faces  and  the  flying  membrane  is  more  extensive.  These  nocturnal  ani- 
mals live  on  fruits  and  leaves. 

Order  Chiroptera.— The  only  mammals  that  are  able  to  fly  are 
the  bats.  The  front  limb  of  these  interesting  mammals  has  enormously 
elongated  fingers  between  which  is  spread  the  thin  leathery  skin.  This 
functions  as  a  wing  to  support  the  small  body  in  the  air.  These  rapidly 
flying  bats  are  poorly  equipped  so  far  as  vision  is  concerned.  To  com- 
pensate for  this,  they  have  acute  auditory  and  tactile  senses.  Thus 
they  find  their  way  about  by  means  of  a  unique  mechanism.  They  con- 
tinuously emit  supersonic  sounds  from  the  mouth ;  these  sounds  bounce 
against  objects  and  are  perceived  by  the  bat.  By  means  of  this  "radar" 
apparatus,  the  bat  can  fly  by  its  echoes  which  it  emits  about  thirty  times 
a  second. 

Nearly  all  bats  are  either  insectivorous  or  frugivorous,  but  a  few 
of  the  tropical  vampires  feed  on  the  blood  of  other  mammals. 

Order  Primates. — Structurally  the  primates  are  in  many  ways  a 
very  generalized  group  of  animals.  The  limbs  are  quite  elongate,  the 
hands  and  feet  are  somewhat  enlarged,  and  they  are  provided  with  five 
digits  having  nails.  The  toe  and  thumb  are  usually  opposable,  thus 
fitted  for  grasping  and  climbing.  Most  are  arboreal  in  habit  and 
bear  but  a  single  young  at  birth.  They  are  chiefly  tropical  and  sub- 
tropical in  distribution.  The  chief  distinction  of  this  group  is  their 
possession  of  the  best  developed  cerebrum  of  any  animals. 
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The  New  World  monkeys  have  long  prehensile  tails  and  are  mainly 
arboreal  in  habit.  They  include  such  well-known  animals  as  the  spider 
monkey,  Ateles,  and  the  howler  monkey,  Aloiiatta.  The  Old  World 
primates  are  much  more  diverse,  including  such  groups  as  the  large- 
eyed  tarsiers,  the  lemurs,  the  rhesus  monkey  and  the  baboons.  Most 
highly  developed  of  the  Old  World  forms  are  the  anthropoid  apes 
which  include  the  gorilla  of  Africa,  the  chimpanzee  also  of  Africa, 
the  gibbons  of  southeast  Asia,  and  the  orangutan  from  the  East  Indies. 
Because  of  their  kinship  with  man,  many  studies  have  been  made  of 
their  mental  capacities.  The  chimpanzee  because  of  its  docility  and 
general  cooperativeness  has  been  investigated  more  completely  than 
any  other. 

Of  course,  the  most  successful  member  of  this  order  is  man  himself 
who  has  spread  throughout  the  globe  and  now  looks  longingly  for  new 
planets  to  conquer. 

Order  Pholidota. — This  small  order  includes  the  scaly  anteaters 
or  pangolins.  Species  are  found  in  Africa,  Asia,  and  the  East  Indies. 
The  entire  upper  part  of  the  animal's  body  is  covered  with  hard,  over- 
lapping scales.  The  forelimbs  have  strong  claws  which  are  used  for 
d'§gi"g  i"to  the  nests  of  termites  and  ants  for  food.  The  jaws  are 
without  teeth. 

Order  Edentata. — These  New  World  forms  are  characterized  by 
the  fact  that  their  teeth  are  reduced  to  molars  which  are  in  the  anterior 
part  of  the  jaws.  There  are  three  families  in  this  order.  One  in- 
cludes the  strange,  highly  modified  anteaters  of  tropical  America.  They 
have  enormously  elongated  snouts  and  long  slender  protrusible  tongues 
for  gathering  in  the  ants  from  the  nests.  The  second  group  includes 
the  sloths,  those  very  strange  animals  which  spend  their  lives  hanging 
by  their  claws  from  branches.  Their  food  consists  of  fruits,  leaves,  and 
buds.  Lastly  included  in  this  order  are  the  unusual  armadillos  charac- 
terized by  their  horny  protective  shell  arranged  in  plates  on  the  back. 
Species  of  armadillo  are  found  in  our  southern  states. 

Order  Lagomorpha. — At  one  time,  the  hares  and  rabbits  were 
considered  to  be  rodents  because  of  their  rodentlike  teeth;  however, 
their  skeletal  structure  is  entirely  dififerent  from  that  of  the  rodents, 
and  they  can  scarcely  be  considered  to  be  related  to  them. 

The  common  cottontail,  Sylvilagus  fioridanus,  is  found  throughout 
eastern  United   States.     They  are   chiefly  nocturnal   in   habit,   usually 
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spending  the  day  in  the  protection  of  heavy  grass  or  other  shelter.  The 
first  young  are  produced  in  March,  and  there  are  four  to  seven  young 
per  Htter.  During  a  season  three  or  four  htters  are  produced.  Since 
cottontails  feed  on  vegetation,  they  may  do  considerable  damage  to 
gardens  or  young  orchards  when  they  get  too  abundant.  They  are  of 
considerable  importance  as  game  animals.  In  the  West,  the  long-eared 
jack  rabbit,  Lepus,  replaces  the  eastern  cottontail. 

Order  Rodentia. — In  both  numbers  and  kinds,  the  rodents  ex- 
ceed all  other  animals.  Of  the  estimated  932  genera  of  living  mammals, 
344  are  rodents.  Not  only  are  there  a  great  number  of  genera  and 
species,  but  also  there  are  tremendous  numbers  of  individuals.  Some 
of  the  species  of  rodents  are  among  the  most  destructive  of  man's  com- 
petitors. Rodents  may  be  found  in  nearly  all  habitats,  and  some  of 
them  have  even  successfully  learned  to  live  in  man's  homes. 

The  most  characteristic  feature  of  the  rodents  is  their  development 
of  the  incisors  for  gnawing.  Unlike  the  teeth  of  man,  these  incisors 
grow  throughout  the  life  of  the  animal  from  a  persistent  pulp.  Only 
the  anterior  surface  of  the  tooth  has  enamel,  the  posterior  surface  is 
dentine  and  wears  more  rapidly  than  does  the  front  surface.  As  a 
result,  the  teeth  become  sharp  and  chisel-like. 

The  most  numerous  of  the  rodents  are  those  groups  called  the 
rats  and  mice.  Of  the  New  World  mice,  one  of  the  commonest  and 
most  widespread  genera  is  Peromyscus,  the  deer  mouse,  or  white-footed 
mouse.  These  handsome  mice  in  general  have  large  ears  and  eyes, 
a  gray  or  brown  upper  coat,  and  a  white  belly  and  legs.  Most  species 
feed  on  insects  and  weed  seeds  and  are  seldom  of  any  economic  impor- 
tance. Their  significance  rather  is  due  to  the  fact  that  they  occupy  an 
important  position  in  the  food  chains  of  many  carnivorous  vertebrates. 
Of  more  economic  importance  are  the  members  of  the  genus  Microtus, 
the  prairie  voles.  These  gray  mice  make  extensive  runways  through- 
out fields  and  meadows.  At  times  they  become  extremely  abundant 
and  may  do  damage  to  orchards  by  girdling  young  trees  and  may  destroy 
stored  grains.  They  are  kept  under  control  only  by  the  voracious  ap- 
petites of  hawks,  owls,  snakes,  and  foxes. 

The  generally  bad  reputation  of  rodents  is  due  to  the  Old  World 
genera,  Rattus  and  Mus  of  the  family  Muridae,  which  have  been  in- 
troduced into  this  country.  No  doubt  their  arrival  coincided  with  that 
of  the  first  white  men.  The  house  rat,  Rattus  norvegicus,  does  enor- 
mous amounts  of  damage  by  destroying  all  types  of  food,  gnawing  holes 
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in  buildings,  carrying  human  diseases,  chewing  merchandise,  and  kill- 
ing poultry.  The  house  mouse,  Miis  musculiis,  though  less  destructive 
because  of  its  small  size,  is  likewise  a  household  pest. 

Throughout  the  United  States,  there  are  many  other  numerous 
and  well-known  rodents.  Some  of  these  include  the  squirrels  which 
are  important  as  game  animals,  the  chipmunks,  marmots,  flying  squirrels, 
porcupines,  lemmings,  prairie  dogs,  and  pocket  gophers.  All  of  these 
have  interesting  habits,  and  many  are  of  economic  importance. 

Only  a  few  rodents  are  important  as  fur  bearers.  Chief  of  these 
are  the  muskrats,  beavers,  and  chinchillas.  The  beavers  have  at- 
tracted attention  because  of  their  ability  to  build  dams  and  to  make 
ponds  for  their  living  quarters. 

Order  Cetacea. — The  most  highly  modified  of  all  the  mammals 
are  the  members  of  this  order,  the  whales,  dolphins,  and  porpoises. 
This  extreme  modification  is  associated  with  their  marine  life;  all 
have  acquired  a  fishlike  form.  They  have  streamlined  bodies  without 
a  neck  constriction,  a  fishlike  tail  which  is  horizontal  rather  than  verti- 
cal, and  the  front  limbs  are  paddlelike  while  the  hind  limbs  are  lacking. 
The  skin  is  hairless  and  there  is  a  layer  of  heavy  insulating  fat  directly 
beneath  it ;  the  eyes  are  usually  small,  and  there  is  no  external  ear. 
The  nostrils  open  through  single  or  paired  "blowholes"  which  are  lo- 
cated far  back  on  the  head.  Among  the  larger  whales,  the  expulsion 
of  air  causes  a  column  of  water  to  rise. 

There  is  great  variation  in  the  size  of  the  whales.  The  largest 
is  the  bluewhale  or  sulphur-bottomed  whale  (Sibbaldus  muscidus)  which 
reaches  a  length  of  over  100  feet  and  weight  of  over  140  tons.  This 
largest  of  all  animals  is  a  member  of  the  whalebone  or  toothless  group. 
It  has  a  series  of  flattened  sheets  of  whalebone  or  baleen  hanging  from 
the  upper  jaw.  Water  is  taken  in  through  the  widely  opened  mouth, 
and  small  organisms  are  sifted  out  by  means  of  the  whalebone  and 
swallowed.  Many  of  these  whalebone  whales  are  of  economic  impor- 
tance as  a  source  of  oil  and  fat. 

Of  the  toothed  whales,  one  of  the  more  highly  modified  forms  is 
the  sperm  whale,  Physeter.  This  form  has  the  nose  enormously  en- 
larged as  a  storage  organ  for  the  waxy  spermaceti  oil.  The  nose  is 
without  a  smelling  function.  The  sperm  whales  are  able  to  dive  to 
tremendous  depths,  probably  in  pursuit  of  their  chief  food,  squids 
and  octopuses. 
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Also  included  among  the  tooth  whales  are  the  dolphins  which  are 
often  seen  sporting  about  in  harbors.  The  ferocious  killer  whales  are 
also  in  this  group. 

Order  Carnivora. — Primarily  the  members  of  this  order  are  flesh 
eaters;  only  a  few  such  as  the  bears  and  raccoons  have  secondarily 
changed  their  habits  to  omnivercus  ones.  The  chief  adjustment  of  the 
members  of  this  order  to  the  meat-eating  habit  are  evident  in  the  pow- 
erful jaws  which  are  supplied  with  heavy  muscles  and  in  the  develop- 
ment of  the  canine  teeth  for  tearing. 

In  size,  the  carnivores  vary  from  the  small  least  weasel  of  about 
6  inches  in  length  to  the  enormous  brown  Alaskan  bears  which  may 
weigh  1,500  pounds. 

Included  in  this  order  are  many  of  the  important  fur  bearers. 
Among  these  are  the  minks,  ermine,  foxes,  wolverine,  otters,  bears, 
skunks,  and  others.  Unfortunately  many  of  the  carnivores  have  been 
unjustly  accused  of  destroying  large  numbers  of  domestic  animals, 
and  as  a  result  have  been  deliberately  destroyed.  Inasmuch  as  the 
chief  diet  of  most  of  these  carnivores  is  the  small  rodents,  this  accusa- 
tion is  unfair.  An  animal  such  as  the  weasel  may  only  rarely  raid  a 
henhouse,  but  it  is  always  consuming  large  numbers  of  potentially  more 
harmful  mice.  Analysis  of  the  stomachs  of  red  foxes  revealed  that 
their  food  consisted  almost  entirely  of  rodents,  rabbits,  and  shrews. 
The  wolves  and  coyotes  also  perform  useful  services  in  keeping  rodent 
populations  under  control. 

The  bears  which  are  also  of  some  importance  as  fur  bearers  have 
changed  from  a  strictly  meat  diet  to  an  omniverous  one.  Along  with 
this  change  of  diet,  they  have  developed  molar  teeth  suitable  for  chew- 
ing rather  than  just  for  cutting. 

Perhaps  the  most  varied  of  the  carnivores  are  the  cats.  These 
include  the  small  lynx  and  bobcat  as  well  as  the  large  cougars,  pumas, 
jaguars,  and  the  Old  World  tigers,  lions,  and  leopards.  Numerous 
other  species  of  cats  occur  throughout  the  world. 

A  special  group  of  carnivores,  the  Pinnipedia,  are  adapted  to  an 
aquatic  life.  These  adaptations  include  limbs  modified  into  flippers, 
streamlined  bodies,  and  reduced  external  ears.  In  this  group  are  the 
numerous  seals,  sea  lions,  and  the  walrus. 

Order  Tubulideiitata. — The  only  member  of  this  order  is  the 
peculiar  aardvark  or  earth  pig  of  South  Africa.     The  aardvark  has  a 
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long  snout,  slimy  tongue,  and  forefeet  adapted  for  digging.     They  live 
chiefly  on  termites. 

Order  Proboscidea. — The  only  living  members  of  this  once  wide- 
spread order  are  the  elephants.  These  latter  are  confined  at  present  to 
Africa  and  southeast  Asia.  The  elephants  are  well  known  for  their 
enormous  size,  large  trunks,  and  peculiar  tooth  development.  The 
enormous  molars  move  forward  in  the  jaw  as  they  are  worn  by  the 
opposing  tooth.  When  the  tooth  has  been  replaced  by  a  successor,  it 
is  shed.  Usually  the  elephants  live  in  large  herds  and  feed  entirely  on 
vegetable  matter.  The  Indian  elephant  is  famous  as  a  work  animal 
and  in  this  country  as  a  circus  attraction. 

Many  extinct  animals,  including  the  famous  mastodons  and  mam- 
moths, once  dwelled  in  this  country  and  were  members  of  this  order. 

Order  Hyracoidea. — There  is  but  one  living  genus,  Procavia,  in 
this  order.  These  are  the  Old  World  conies  which  superficially  re- 
semble guinea  pigs,  but  are  actually  related  to  the  hoofed  animals. 
Species  live  in  the  Near  East  as  well  as  in  Africa. 

Order  Sirenia. — Like  the  whales,  these  animals  have  undergone 
extensive  modification  in  adaptation  to  an  aquatic  life.  Their  forclimbs 
are  flippers,  their  hindlimbs  have  disappeared,  and  their  tails  are 
fishlike.  The  tooth  development,  particularly  that  of  the  molars,  is 
very  similar  to  that  of  the  elephants.  Included  in  this  group  are  the 
now  extinct  sea  cows  of  the  Bering  Sea,  the  dugong  of  the  Red  Sea  and 
of  the  Indian  Ocean,  the  manatee  of  Florida,  the  West  Indies,  Brazil, 
and  West  Africa.  This  latter  form  may  be  the  original  "mermaid"  of 
sea- weary  sailors. 

Order  Perissodactyla. — The  hoofed  animals  with  an  odd  number 
of  toes  are  all  included  in  this  large  and  important  order.  In  general, 
these  animals  are  large  and  each  foot  is  sheathed  in  a  cornified  hoof  with 
the  main  axis  passing  through  the  middle  toe.  There  are  three  main 
groups.  One  of  these  includes  the  horses,  asses,  and  zebras.  The 
horses  and  asses  have  been  domesticated  for  many  centuries  by  man 
and  are  of  importance  as  work  animals  and  for  transportation.  The 
mule  is  a  hybrid  between  the  horse  and  ass.  The  female  parent  in  such  a 
cross  is  the  horse,  and  the  mule  offspring  is  sterile.  It  is  a  valuable  ani- 
mal inasmuch  as  it  has  the  horse's  size  and  the  ass's  stamina.  The  second 
group  in  this  order  includes  the  tapirs  of  Central  and  South  America 
and  southeast  Asia.     These  are  easily  recognized  by  their  unusually 
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long  snouts,  short  tails,  and  heavy  build.  They  frequent  water  courses 
and  swamps.  The  last  group  of  perissodactylids  is  that  containing 
the  rhinoceroses.  These  huge  animals  live  in  grassy  and  woody  areas 
in  Africa  south  of  the  Sahara  and  in  southeastern  Asia. 

Order  Artiodactyla. — The  members  of  this  order  are  the  even- 
toed  animals.  They,  too,  are  often  quite  large  and  the  feet  are  usually 
sheathed  in  a  cornified  hoof;  however,  the  main  axis  passes  between 
the  toes  rather  than  through  one  as  in  the  odd-toed  forms.  In  general, 
they  are  characterized  also  by  their  having  heavy  molars  for  chewing 
vegetation.  Two  main  groups  are  recognized :  the  ruminants  with 
their  four-compartment  stomach  and  the  pigs  and  their  allies.  In- 
cluded in  the  first  group  are  the  camels,  deer,  mouse  deer,  giraffes, 
antelopes,  bison,  and  the  important  domesticated  cattle.  The  second 
group  includes  another  barnyard  favorite,  the  domestic  pig,  as  well 
as  its  wild  allies,  the  peccaries  and  boars,  and  the  hippopotamus  or 
river  hog  of  Africa. 

MAN  AND  HIS  DEVELOPMENT 

From  all  viewpoints,  man  occupies  a  unique  place  in  the  animal 
kingdom.  He,  of  all  animals,  is  able  to  control  his  environment  to 
a  great  extent.  He  is  able  to  affect  his  environment  so  markedly  due 
to  the  unique  development  of  his  nervous  system.  Though  the  de- 
velopment of  the  brain  is  foreshadowed  in  other  vertebrates,  it  reaches 
its  culmination  in  man. 

If  man  were  to  be  judged  purely  by  structural  characters,  he 
would  be  considered  a  timid  creature  doomed  to  live  in  thick  forests 
where  he  could  hide  from  the  voracious  carnivores.  No  doubt  he 
would  have  to  live  on  fruits,  insects,  and  small  mammals.  Instead, 
man  has  successfully  invaded  all  but  the  most  extreme  habitats. 
Though  without  wings,  he  outdoes  the  birds  in  the  air ;  without  special 
equipment  for  undersea  breathing,  he  has  nevertheless  successfully  in- 
vaded that  realm.  Only  the  great  depths  of  the  ocean  and  interplanetary 
space  remain  unconquered  at  present.  Even  here,  he  is  gradually  mak- 
ing inroads.  Man  thus  combines  a  very  generalized  physique  with  a 
very  specialized  brain. 

Like  all  biological  processes,  the  development  of  modern  man  was 
not  rapid;  rather  it  took  millions  of  years.  Unfortunately  the  fossil 
record  is  not  clear.  This  may  in  part  be  due  to  the  fact  that  man  de- 
veloped in  the  tropical  forests,  an  area  which  produces  but  few  fossils. 
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Nevertheless  fragmentary  remains  have  been  and  are  being  discovered 
through  the  persistent  efiforts  of  many  anthropologists.  Even  these 
few  remains  however  do  give  some  concept  of  the  evokitionary  his- 
tory of  man. 

From  the  primitive  insectivores,  the  primates  arose  and  must  have 
soon  differentiated  into  the  Hues  which  lead  to  man  and  the  anthropoid 
apes  and  the  New  and  Old  World  monkeys.  Certainly  no  living  ape  or 
monkey  may  be  said  to  be  more  than  very  distantly  related  to  man. 

South  African  Discoveries. — South  Africa  would  appear  to  be 
a  most  unlikely  place  in  which  to  look  for  man's  ancestors.  It  is 
at  least  1,000  miles  south  of  the  known  ranges  of  man's  nearest  living 
relatives,  the  anthropoid  apes,  and  further  it  is  a  relatively  inhospi- 
table dry  region.  It  was  here,  however,  in  the  early  1920's  that  star- 
tling discoveries  which  cast  new  light  on  man's  ancestry  were  made. 
In  1925,  Professor  Dart  announced  the  discovery  of  a  fossil  brain  cast 
of  a  new  type  of  anthropoid.  This  brain  cast  was  found  in  deposits 
dating  from  either  Pliocene  or  early  Pleistocene  times.  From  his 
studies,  Dart  was  convinced  that  this  skull  was  definitely  human  inas- 
much as  the  teeth  are  more  human  than  apelike.  He  named  this  form 
Australopithecus  ajricanus,  and  regarded  it  to  be  a  new  primate,  closer 
to  man  than  any  previously  discovered  forms.  Possibly  it  was  even 
in  the  direct  line  of  human  descent. 

This  work  was  not  highly  regarded  until  after  Dr.  Broom  un- 
covered additional  genera  in  an  area  not  far  from  that  of  the  original 
discoveries.  These  additional  finds  indicated  that  these  forms  walked 
upright  and  some  may  even  have  used  fire.  Dart  later  concluded  that 
Australopithecus  was  a  genuine,  though  unusual,  fossil  type.  He  de- 
cided that  though  it  was  related  to  living  anthropoid  apes,  it  showed 
closer  relationships  to  some  extinct  humanlike  forms  that  lived  dur- 
ing the  Pleistocene  in  southern  Africa.  He  felt  that  the  evidence  in- 
dicated definite  advances  in  the  direction  of  mankind. 

In  spite  of  the  humanlike  teeth  of  these  forms,  their  brains  re- 
mained poorly  developed,  thus  perhaps  they  should  be  regarded  as 
intelligent  apes  rather  than  unintelligent  human  beings.  Though  these 
forms  died  out,  leaving  no  direct  ancestors,  their  interest  lies  in  the 
fact  that  they  indicate  the  beginnings  of  the  human  line.  They  were 
derived  from  extinct  apes  which  were  ancestral  to  both  the  human  line 
and  the  modern  apes. 
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Fossil  Men  From  the  Orient. — The  island  of  Java  off  the  coast 
of  southeast  Asia  at  present  is  one  of  the  most  densely  populated  areas 
in  the  world.  It  was  in  this  tropical  area  in  the  year  1891  that  the  im- 
portant remains  of  early  man  were  encountered.  The  original  find  con- 
sisted of  a  skull  cap  and  mandible  from  Pleistocene  deposits.  Later  in- 
vestigations have  unearthed  much  additional  material.  From  all  of  this, 
it  is  possible  to  characterize  this  primitive  human  now  known  as  Pithe- 
canthropus erectus.  He  was  erect  and  possessed  a  brain  more  highly 
developed  than  that  of  any  fossil  ape.  The  skull  and  teeth  show  an  inter- 
esting mixture  of  ape  and  human  characteristics  which  are  somewhat 
more  human  than  apelike.  He  had  a  projecting,  chinless  face,  and  a 
broad  nose ;  his  massive  jaws  possessed  heavy  teeth.  There  is  some  evi- 
dence that  Pithecanthropus  was  able  to  use  some  tools,  such  as  primitive 
stone  implements.  It  is  possible  that  Pithecanthropus  evolved  in  the 
main  continental  mass  of  Asia  and  migrated  down  to  Java  where  he  was 
able  to  survive  long  after  his  counterparts  had  perished.  It  is  probable 
that  at  this  time  in  Europe,  much  more  modern  men  were  making  their 
appearance. 

In  China  remains  of  giant  men  directly  related  to  Pithecanthropus 
have  been  found.  One  of  these  is  Sinanthropus  pekinensis.  Sinan- 
thropus  was  found  in  strata  belonging  to  the  Middle  to  Lower  Pleisto- 
cene. From  extensive  remains,  it  is  believed  that  Sinanthropus  used 
tools,  may  have  buried  his  dead,  and  indulged  in  cannibalism.  They  ap- 
peared to  be  particularly  fond  of  fresh  brains  as  is  shown  by  the  numer- 
ous skulls  found  with  fractures  caused  by  heavy  blows.  Remains  of  other 
large  primitive  men  have  been  found  in  this  general  area,  including  the 
mighty  Gigantopithecus  and  Meganthropus. 

Fossil  Men  From  Europe. — In  Europe,  other  fossil  men  have  been 
discovered.  One  of  these  which  lived  in  the  region  of  present-day  Heidel- 
berg, Germany,  is  known  as  the  Heidelberg  man.  From  the  fragmentary 
remains,  it  appears  that  this  man  had  a  massive  head,  low  brow,  was 
chinless,  and  had  projecting  jaws. 

Of  the  fossil  human  beings.  Neanderthal  man  is  undoubtedly  the 
most  famous.  These  fossils  together  with  their  crude  implements  were 
found  in  Pleistocene  deposits  of  much  of  Europe.  Neanderthal  man  was 
of  medium  height  (about  5>4  feet),  had  a  massive  head,  and  projecting 
jaws.  He  had  a  deep  round  chest,  short  legs,  and  moderately  long  arms. 
His  head  was  probably  thrust  forward.  In  all  he  must  have  looked  much 
like  a  very  humanized  gorilla. 
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Some  72,000  years  ago  a  human  being  much  like  our  present-day 
mankind  lived  through  much  of  Europe.  There  were  several  types  of 
these,  the  best  known  of  which  is  Cro-Magnon  man.  These  people  were 
chiefly  hunters  who  used  stones  and  sticks  as  weapons  for  killing  prey. 
The  interesting  feature  of  these  people  is  the  fact  that  they  had  some 
slight  degree  of  culture  as  attested  by  the  paintings  found  in  caves  in 
some  sections  of  southern  France. 

Cro-Magnon  man  is  considered  as  the  progenitor  of  the  present- 
day  European  population.  However,  it  must  not  be  assumed  that  there 
was  any  one  direct  line  that  inexorably  lead  to  our  present-day  human 
beings.  Rather  there  was  much  movement  of  populations  from  one  area 
to  another,  various  lines  and  branches  interbred,  and  undoubtedly  many 
groups  simply  disappeared.  Modern-day  man  thus  represents  a  blend- 
ing of  many  racial  types. 


CHAPTER  32 

PHYLOGENETIC  CONSIDERATIONS 


Any  explanation  of  the  origin  of  groups  of  animals  must  of  necessity- 
be  speculative.  At  best  the  geological  history  of  any  one  group  is  frag- 
mentary, and  the  living  representatives  are  themselves  highly  modified 
individuals  who  have  solved  the  problem  of  existence  in  their  own  in- 
dividualistic way.  The  only  possible  approach  to  this  problem  is  the 
examination  of  living  representatives  of  the  various  phyla  and  then  a 
•careful  consideration  of  their  relationships. 

Origin  of  the  Metazoa. — It  is  not  at  all  illogical  to  assume  that  the 
metazoans  must  have  originated  from  some  single-celled  organism.  From 
this  it  is  only  reasonable  to  look  at  the  protozoans  for  some  evidence  of 
possible  metazoan  ancestry. 

Among  the  protozoans,  the  most  varied  and  diverse  class  is  that  of 
the  flagellates.  Within  this  class  are  holophytic,  holozoic,  and  parasitic 
forms,  and  also  some  which  group  together  to  form  colonies.  No  other 
class  of  the  protozoans  has  members  that  show  such  plasticity.  From  this 
fact  it  has  generally  been  conceded  that  it  was  either  this  group  or  some 
similar  one  from  which  not  only  the  metazoans,  but  even  the  plant  king- 
dom took  its  origin. 

Many  types  of  colonies  are  formed  by  the  various  species  of  flagel- 
lates ;  Goniiini  colonies  are  flattened  squares,  Pandor'ma  forrhs  a  sphere 
of  16  closely  packed  cells  which  closely  resemble  certain  cleavage  stages, 
Eudorina  has  32  cells  near  the  surface  of  a  gelatinous  sphere,  Platydorina 
is  a  fiat  oval,  jellylike  mass  with  32  cells  and  a  scalloped  posterior  end, 
and  Volvox  with  its  many  cells  is  a  hollow  sphere  not  unlike  the  blastula 
of  metazoan  embryology.  With  such  evidence  at  hand,  it  is  not  impos- 
sible to  imagine  the  metazoans  as  arising  from  some  such  aggregation  of 
flagellated  protozoans. 

The  possible  origin  is  this :  a  flagellated,  spherical  colony  gradually 
developed  within  which  there  was  differentiation  into  somatic  and  repro- 
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ductive  cells.  Differentiation  of  locomotor-perceptive  and  nutritive  types 
of  cells  proceeded  from  this  through  the  movement  of  the  nutritive  cells 
into  the  interior  spaces.  Within  this  central  cavity,  food  was  passed 
from  the  outermost  amoeboid  cells  for  digestion.  An  anterior-posterior 
axis  then  must  have  appeared  as  development  continued. 

Three  phyla,  the  Porifera,  Coelenterata,  and  Ctenophora,  are  con- 
sidered to  be  but  slightly  above  this  grade  of  construction. 

Origin  of  Bilaterality. — The  next  problem  is  that  of  the  origin  of 
bilaterality  from  these  radially  symmetrical  animals.  Here  again  we 
must  speculate  from  the  evidence  of  living,  highly  specialized  forms.  The 
clue  as  to  this  possible  origin  is  found  among  the  flatworms. 

The  members  of  one  order  of  the  Turbellaria,  the  Acoela,  are  ex- 
tremely simple  in  their  structure.  In  fact  the  living  representatives  are 
scarcely  more  advanced  than  the  planula  type  larva  of  the  coelenterates. 
The  ventral  mouth  opens  into  a  central  mass  of  cells,  but  there  is  no 
digestive  tract.  Food  is  taken  in  through  the  mouth,  and  digestion  is 
performed  by  the  individual  cells  of  the  central  mass.  This  central  mass 
of  cells  represents  entoderm  and  mesoderm  and  is  a  condition  found  also 
in  the  embryological  stages  of  the  higher  flatworms. 

It  is  usually  assumed  that  forms  such  as  the  acoela  were  able  to 
arise  from  forms  similar  to  the  coelenterates  in  the  following  manner : 
the  planuloid  form  flattened  in  the  oral-aboral  axis  and  there  was  a  shift- 
ing forward  of  the  nerve  centers.  This  would  result  in  a  flattened,  bi- 
laterally symmetrical  flatworm  such  as  the  acoela.  The  higher  turbel- 
larians  actually  pass  through  these  stages  in  their  embryology  and  then 
the  central  mass  hollows  out  to  form  the  archenteron,  the  anterior  nerv- 
ous system  becomes  more  highly  differentiated,  and  the  head  is  formed. 

Relationships  of  the  Phyla. — In  the  discussion  of  the  various  ani- 
mal phyla,  constant  emphasis  has  been  placed  on  increasing  complexity 
of  construction  rather  than  on  possible  phylogenetic  relationships.  There 
are  many  methods  which  attempt  to  relate  the  various  phyla  to  one 
another,  but  all  are  handicapped  by  the  fact  that  the  connecting,  ancestral 
forms  are  lost.  Those  animals  available  for  careful  study  actually  repre- 
sent end  points  of  eons  of  evolution ;  thus  they  are  totally  removed  from, 
and  usually  unlike,  any  possible  ancestral  forms.  Often  for  studies  of 
this  sort,  larval  forms  and  embryology  give  valuable  clues,  but  again 
caution  must  be  exercised  against  overemphasizing  seeming  similarities. 

In  spite  of  these  difficulties,  it  is  possible  to  demonstrate  relation- 
ships.   At  present  the  most  widely  accepted  theory  is  that  known  as  the 
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diphyletic  theory.  According  to  this,  immediately  after  the  development 
of  bilaterality  two  main  branches  of  development  occurred.  One  of 
these,  the  Deuterostomia,  culminates  in  the  chordates,  the  other,  the 
Protostomia,  in  the  arthropods.  These  branches  are  separated  from  one 
another  on  several  fundamental  differences.  The  members  of  the  Pro- 
tostomia branch  have  determinate  cleavage,  a  mouth  that  develops  from 
the  blastopore  or  in  the  region  where  the  blastopore  closed,  the  mesoderm 
developing  from  an  ingrowth  of  cells  from  the  ectoderm,  and  often  there 
is  a  trochophore  type  of  larva.  The  members  of  the  Deuterostomia 
branch  have  indeterminate  cleavage,  the  anus  developing  from  the  blasto- 
pore, and  the  mouth  representing  a  new  structure,  the  mesoderm  formed 
by  outfoldings  of  the  archenteron,  and  finally  there  is  often  a  type  larva 
known  as  dipleurula  or  echinoderm  type. 

Fig.  210  shows  the  phylogenetic  relationships  of  the  various  phyla 
according  to  this  theory. 
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Fig.  210. — Diagram  of  the  relationships  of  the  phyla.      (By  permission   from   The 
Invertebrates  by  Hyman,  copyright  1940,  by  McGraw-Hill  Book  Company,  Inc.) 


Origin  of  the  Vertebrates. — From  the  above  theory,  it  appears 
that  the  phyla  composing  the  Protostomia  are  actually  quite  clearly  re- 
lated to  one  another.     Unfortunately  the  Deuterostomia  branch  which 


Phylo genetic  Considerations         647 

includes  the  chordates  is  much  less  clearly  defined  in  its  relationships. 
Many  of  the  chordate  characters  simply  cannot  be  traced  from  begin- 
nings in  any  of  the  invertebrate  groups.  This  includes  the  all-important 
characters  such  as  the  dorsal  tubular  nervous  system,  the  notochord,  and 
the  pharyngeal  gill  slits. 

From  both  biochemical  and  embryological  evidence,  it  is  now  be- 
lieved that  the  echinoderms  and  chordates  had  a  common  ancestral  form. 
This  was  probably  a  simply  built,  small,  bilaterally  symmetrical  sessile 
form  which  had  a  free-swimming  dipleurula-like  larva.  From  this  hypo- 
thetical ancestor,  two  lines  developed.  One  led  to  the  essentially  ses- 
sile, secondarily  radially  symmetrical  echinoderms,  the  other  to  the  per- 
sistently bilaterally  symmetrical,  active  chordates. 

HaeekePs  Biogenetic  Law.— During  the  tracing  of  the  develop- 
ment of  the  various  phyla,  it  at  times  is  clear  that  the  adults  of  certain 
phyla  bear  often  striking  resemblance  to  certain  developmental  stages  in 
the  embryos  of  higher  animals.  This  fact  was  evident  even  to  early 
biologists,  but  it  was  Haeckel  (1834-1919),  a  German  biologist,  who 
formulated  the  now  famous  biogenetic  law  or  lazv  of  recapitulation. 

The  euphonious  phrase,  "Ontogeny  recapitulates  phylogeny"  briefly 
states  the  essence  of  this  theory,  that  is,  the  development  of  the  indi- 
vidual in  a  brief  period  goes  through  the  development  of  the  race.  For 
example,  the  human  embryo  passes  from  a  one-celled  stage,  through  the 
morula,  the  blastula,  and  the  gastrula.  Each  of  these  can  be  vaguely 
compared  to  some  living  animal.  At  a  later  time,  it  has  gill  slits  and  a 
notochord.  It  cannot  be  denied  that  such  evidence  indicates  that  there  is 
an  element  of  truth  in  this  theory.  It  must  be  pointed  out,  however, 
that  this  is  at  best  a  half  truth.  Embryological  stages  may  be  shortened, 
new  structures  may  arise,  and  whole  sections  eliminated  better  to  pro- 
vide rapid  formation  of  presumptive  adult  structures.  This  was  empha- 
sized during  the  discussion  of  such  things  as  gastrulation  in  the  mam- 
malian egg. 

At  times  embryological  stages  are  of  value  in  showing  the  true  re- 
lationships of  highly  modified  adults.  Certainly  the  adult  starfish  would 
not  be  considered  a  bilaterally  symmetrical  animal ;  yet  a  study  of  its  de- 
velopment reveals  that  it  is  fundamentally  a  bilaterally  symmetrical  ani- 
mal which  has  become  highly  modified. 


SECTION  V 
ECOLOGY 


CHAPTER  33 

THE  ECOLOGY  OF  ANIMALS 


Most  of  the  previous  discussion  has  been  devoted  to  the  individual 
animal,  its  classification,  its  anatomy,  its  physiology,  and  finally  its  evo- 
lutionary history.  No  matter  how  detailed  such  study  may  be,  it  does 
not  tell  the  full  story  of  the  living  animal.  No  animal  exists  independently 
of  its  environment.  ^  Wherever  it  lives,  it  is  part  of  a  group  or  com- 
munity of  other  animals  and  plants.  Here  it  is  affected  not  only  by 
these  other  organisms,  but  by  the  physical  factors  of  the  environment 
itself.  The  study  of  how  both  the  biotic  and  physical  factors  are  inter- 
related is  known  as  ecology.  More  precisely  ecology  may  be  defined 
as  the  study  of  plants  and  animals  in  relation  to  each  other  and  to  their 
environment. 

In  many  ways  ecology  may  appear  to  be  a  simple  science,  perhaps 
merely  an  outgrowth  of  natural  history.  This,  however,  is  deceptive, 
for  ecology  must  consider  not  only  the  animal's  physiology  and  anatomy, 
but  also  its  relationships  to  other  animals  and  to  its  environment. 

PHYSICAL  AND  BIOTIC  FACTORS  OF  THE  ENVIRONMENT 

In  whatever  type  of  habitat  an  animal  lives,  it  is  subject  to  a  num- 
ber of  influences,  both  physical  and  biotic.  Some  of  the  physical  fac- 
tors included  heat,  wind,  water  currents,  light,  water,  and  presence  or 
absence  of  various  salts.  The  biotic  factors  include  such  things  as 
population  pressures,  food  supply,  and  relationships  to  other  organisms. 

Heat. — All  animals  are  affected  to  a  greater  or  less  extent  by  the 
temperature  of  their  environment.     In  general  it  can  be  said  that  those 
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animals  whose  body  temperature  is  not  constant  (the  poikilotherms)  are 
affected  more  than  those  maintaining  an  approximately  constant  one 
(the  homoiotherms).  For  the  former  group,  the  rate  of  development 
and  growth  of  the  young  is  dependent  upon  the  external  temperature, 
and  they  must  devise  means  of  surviving  the  colder  and  hotter  portions 
of  the  year.  Many  forms  go  into  a  period  of  dormancy  during  the  win- 
ter which  is  known  as  hibernation,  and  others  become  dormant  during 
periods  of  drought.  The  latter  type  of  dormancy  is  known  as  aestivation. 
Further,  poikilothermic  animals,  in  contrast  to  homoiothermic  ones,  are 
often  limited  in  their  northern  distribution,  for  they  have  no  means  of 
withstanding  the  extremely  low  temperatures  of  northern  areas. 

Some  few  homoiothermic  animals  do  have  a  dormant  period  during 
the  winter.    This  also  is  known  as  hibernation. 

Temperature  also  may  affect  an  animal's  structure;  this  has  led  to 
the  formation  of  certain  generalizations.  One  of  these  states  that  homoio- 
thermic animals  from  colder  areas  tend  to  be  larger  than  those  from  warm 
ones ;  this  is  correlated  with  the  rate  of  heat  loss.  Another  generaliza- 
tion points  out  that  animals  from  warmer  areas  have  longer  extremities. 
This  latter  fact  has  been  verified  experimentally,  that  is,  experimental 
animals  (mice)  raised  at  higher  temperatures  have  longer  tails.  Further, 
the  jack  rabbit  of  Arizona  has  much  longer  ears  than  does  a  closely 
related  form  from  the  Arctic. 

Wind. — While  the  effects  of  winds  are  not  so  pronounced  with  ani- 
mals as  with  plants,  they  are  nevertheless  important.  Their  chief  im- 
portance is  in  the  manner  in  which  they  may  distribute  smaller  forms 
from  one  area  to  another.  Winged  insects  rely  upon  winds  for  much 
of  their  spread ;  ballooning  spiders  soar  to  great  heights  and  are  trans- 
ported long  distances.  Insects  living  in  areas  where  the  winds  are  ex- 
treme often  are  flightless.  Birds  in  mountainous  areas  usually  build  their 
nests  behind  sheltering  rocks ;  one  bird  dwelling  in  the  windy  deserts 
of  high  Tibet  actually  constructs  a  windbreak  of  stones  to  protect  its 
nest.  Sudden  violent  windstorms  such  as  tornadoes  or  hurricanes  may 
have  very  pronounced  local  effects  on  terrestrial  forms.  During  July 
of  1940  a  tornado  in  Iowa  killed  about  1,000  birds  in  a  limited  area  of 
100  acres. 

Water  Currents. — For  aquatic  forms,  water  currents  are  of  im- 
portance in  distribution  and  physiological  and  structural  adjustments. 
Sessile  forms  have  their  pattern  of  growth  affected. 
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Light. — Light  has  many  complicated  effects  on  animal  activity. 
One  of  the  most  striking  of  these  is  the  migratory  cycle  of  birds.  Their 
northward  movement  is  apparently  dependent  upon  the  increasing  day 
length ;  experimentally  it  has  been  shown  that  the  testes  increase  in  size 
when  birds  are  exposed  to  artificially  increased  daylight.  The  color 
change  of  the  fur  of  some  northern  animals,  such  as  the  varying  hare, 
apparently  is  controlled  by  changes  in  the  length  of  day.  In  addition  to 
these  more  obvious  effects,  light  also  influences  the  movements  of  animals 
w^ithin  their  habitat.  Thus  some  animals  remain  under  cover  during  the 
day  and  emerge  at  night  to  search  for  food.  Many  small  animals  de- 
liberately shun  bright  light  to  spend  their  lives  in  the  dark  recesses  of  leaf 
mold  and  rotten  logs.  These  include  the  salamanders,  many  insects,  and 
numerous  other  arthropods. 

A  bright  light  often  attracts  insects  from  long  distances.  This  has 
been  used  as  a  method  of  both  control  and  capture  of  many  types  of  night- 
flying  forms. 

Water. — No  animal  can  live  without  water;  thus  its  ability  to  live 
in  any  area  is  dependent  upon  the  available  water  supply.  The  supply 
of  water  varies  in  different  habitats  from  that  of  the  aquatic  environment 
to  the  dry  desert.  Animals  are  able  to  live  in  these  drier  regions  by 
developing  special  adaptations  such  as  a  heavy  skin,  utilization  of  water 
produced  by  metabolism,  the  ability  to  secrete  dry  urine,  and  special 
habits  such  as  burrowing  and  being  nocturnal.  Aestivation  such  as  that 
of  the  lungfish  is  a  response  to  the  periodic  drying  of  its  swamp  habitat. 

The  life  history  of  many  animals  is  strongly  influenced  by  available 
moisture.  The  small  crustaceans  develop  only  during  the  spring  months 
when  pools  are  available ;  some  toads  have  a  developmental  rate  depend- 
ent upon  the  concentration  of  salts  in  ponds;  and  birds  of  tropical  rain 
forests  lay  their  eggs  at  the  start  of  the  rainy  season  when  food  is  more 
abundant. 

Presence  of  Various  Salts. — In  fresh  waters  dissolved  salts  are 
one  of  the  more  important  limiting  factors.  Salts  of  calcium,  magnesium, 
and  phosphorus  are  probably  the  most  important.  Animals  such  as  mol- 
luscs and  crustaceans  are  unable  to  live  in  calcium-poor  water  while 
fresh-water  sponges  are  more  abundant  in  soft  waters  with  a  rich  or- 
ganic supply. 

Even  among  terrestrial  animals  the  lack  of  certain  elements  in  the 
soil  may  be  reflected  in  decreased  vigor. 
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Biotic  Factors. — All  these  many  physical  factors  affect  animals, 
not  individually  but  in  combination.  In  addition,  each  animal  is  sub- 
jected to  biotic  factors,  making  the  total  complex  which  is  termed  the 
environment.  These  biotic  factors  include  competition  from  other  ani- 
mals for  available  food,  for  nesting  sites,  and  for  mates. 

For  convenience  of  discussing  the  multitude  of  biotic  pressures  on 
the  individual  organism  and  the  physical  environment,  ecologists  have 
adopted  the  terms  coaction  and  reaction.  Coaction  refers  to  the  activity 
of  an  animal  in  its  relationships  to  other  organisms,  while  reaction  re- 
fers to  the  action  of  the  animal  in  modifying  the  physical  environment. 
Examples  of  the  first  include  animals  which  feed  upon  other  animals  or 
plants,  fighting  between  animals,  and  parasitism.  Some  reactions  are 
animals  burrowing  in  soil,  beavers  building  dams  to  produce  mountain 
lakes,  and  the  carrying  in  of  humus  by  ants. 

Biomes 

Animals  and  plants  exist  together  in  groups  called  communities. 
Each  community  is  characterized  by  various  coactions  and  reactions  of 
the  plants  and  animals  and  the  physical  environment. 

Communities  vary  greatly  in  the  degree  of  uniformity  which  they 
attain.  At  one  extreme  is  the  compact  assemblage  of  attached  animals 
growing  on  a  rock  in  the  ocean,  while  at  the  other  extreme  are  the  large 
diverse  communities  such  as  forest  and  prairie.  These  largest  biotic 
communities  are  known  as  biomes  and  are  recognizable  by  even  the  bio- 
logically uninformed  individual.  So  well  known  are  these  larger  areas 
that  they  have  been  given  common  names  such  as  Temperate  Deciduous 
Forest,  Desert,  and  Prairie. 

The  major  biomes  of  the  world  are  as  follows: 

Northern  Tundra 

Northern  Coniferous  Forest 

Temperate  Deciduous  Forest 

Montane  Tundra 

Prairie 

Desert 

Tropical  Rain  Forest 

Tropical  Deciduous  Forest 

Temperate  Rain  Forest 

Winter  Rain  Forest 

Northern  Tundra. — The  northern  tundra  is  one  of  the  more  ex- 
tensive and  continuous  of  the  biomes.    It  is  circumpolar,  extending  from 
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Fig.  211. — The  biomes  of  North  America.     Transitional  areas  are  termed  eco- 
tones.     (From  Pitelka,  1941,  The  American  Midland  Naturalist.) 
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the  northern  ice  cap  to  the  borders  of  the  coniferous  forests.  The  com- 
paratively monotonous  rolhng  landscape  is  not  relieved  by  any  tall  vege- 
tation or  large  hills.  The  many  depressions  are  filled  with  water,  and  it 
is  but  a  few  inches  down  to  the  permanently  frozen  soil  known  as  perma- 
frost. Sphagnum  and  lichens  such  as  reindeer  moss  are  the  characteristic 
vegetation,  with  many  shrubby  and  herbaceous  plants  in  the  drier  areas. 
During  the  brief  summer,  the  area  abounds  with  flowers  and  ground- 
nesting  birds.  To  the  discomfiture  of  human  beings,  dipterans  are  the 
characteristic  insects.  The  mosquitoes  and  biting  flies  emerge  in  hordes 
from  the  boggy  ground  to  attack  any  mammal.  Among  the  mammals, 
the  musk  ox,  reindeer,  caribou,  arctic  fox,  and  arctic  wolf  are  charac- 
teristic forms.  Large  numbers  of  rodents  including  the  lemming  live  in 
the  low-growing  vegetation. 

The  main  stress  faced  by  the  animals  dwelling  in  this  biome  is  the 
extreme  cold  of  winter  and  the  accompanying  depletion  of  food.  Most 
animals  migrate  to  more  favorable  areas,  for  hibernation  is  impossible  in 
the  permanently  frozen  ground.  Many  of  the  rodents  survive  this  ex- 
treme cold  by  burrowing  under  the  snow  and  feeding  on  dry  vegetation. 

Northern  Coniferous  Forest. — Like  the  tundra,  the  coniferous 
forest  is  circumpolar  and  very  extensive.  Its  vegetation  consists  of 
massive  conifers  with  much  understory  herbaceous  and  woody  growth. 
Occasional  patches  of  deciduous  trees  such  as  aspens  and  poplar  are 
found.  Due  to  the  great  abundance  of  food,  there  is  a  rich  and  varied 
fauna.  This  fauna  includes  such  large  forms  as  the  moose  and  deer,  the 
smaller  lynx,  foxes,  wolves,  martens,  and  many  minks,  weasels,  and 
ermine.  The  rodents,  including  the  porcupine,  pine  mouse,  deer  mouse, 
and  others  are  abundant.  Hosts  of  birds,  including  warblers  and 
thrushes  nest  in  the  conifers.  These  colorful  migrants  spend  only  their 
brief  nesting  period  in  this  area,  returning  with  the  approach  of  winter 
to  more  southern  regions.  Again  the  chief  stress  is  cold  and  the  reduced 
food  supply  of  winter. 

Temperate  Deciduous  Forest. — The  temperate  deciduous  for- 
est is  much  more  difficult  to  define  and  characterize  inasmuch  as  it  is 
more  varied.  All  biomes  may  be  divided  into  small  units  known 
as  associations.  The  composition  of  this  forest  is  so  varied  that  its  as- 
sociations are  easily  recognized.  In  the  eastern  portion  of  the  United 
States,  the  beech-maple  forest,  the  oak-hickory,  the  oak-chestnut,  and 
the  mixed  mesophytic  are  all  distinct  types.     All  are  characterized  by 
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the  fact  that  the  leaves  are  shed  in  the  winter.  There  are  many  low- 
growinf^  jilants,  so  it  is  possible  to  recognize  layers  within  the  forest. 

There  are  many  animals  eharaclerislic  of  this  hiome.  The  largest 
of  these  are  the  Virginia  deer  and  the  hlack  bear.  There  arc  also  many 
salamanders,  reptiles,  and  even  insects  that  are  commonly  fonnd.  Hosts 
of  rodents  inhabit  the  forest  floor.  Members  of  the  genns  Peromyscus 
are  among  those  most  commonly  fonnd. 

Again  the  main  stress  for  animals  is  the  cold  of  winter  dnring  which 
the  food  snpply  is  rednccd.  Many  of  the  invertebrates  hibernate  in  the 
leaf  mold,  and  large  numbers  of  the  birds  migrate  southward. 

The  Prniric. — The  nndulaling  prairies  of  our  western  ])lains  are 
both  tremendous  and  monotonous.  The  vegetation  consists  chiefly  of 
many  grasses  and  large  numbers  of  flowering  composites  such  as  the  sun- 
flowers and  asters,  l^xcept  for  some  trees  which  grow  in  moist  situa- 
tions such  as  along  rivers,  there  is  no  truly  high  vegetation.  The  eastern 
jirairies  originally  had  grasses  as  tall  as  a  man  ;  further  west,  the  vegeta- 
tion was  lower  growing.  Iwentually  this  latter  merges  into  the  des- 
ert grassland  where  the  rainfall  is  very  scanty. 

The  large  herbivorous  animals  of  these  plains  were  all  ungulates ; 
the  most  abundant  of  these  were  the  bisons  which  occurred  in  tremen- 
dous herds.  The  coyote,  the  wolf,  many  lagomorphs,  rmd  numerous  ro- 
dents were  other  mammals.  There  are  still  numerous  grotmd-nesting 
birds,  prairie  snakes,  and  many  characteristic  insects,  chiefly  of  the  order 
Orthoptera. 

l^'or  successful  survival  in  such  a  biome,  it  is  necessary  for  the  larger 
animals  to  be  swift,  possess  good  vision,  and  a  keen  sense  of  smell.  Many 
of  the  rodents  make  extensive  burrows.  Some  such  as  the  prairie  dog 
even  develop  complex  colonies. 

The  prairies  are  still  of  tremendous  importance  to  us  for  they  are 
the  grain-growing  and  cattle-raising  areas.  As  is  to  be  expected,  such 
heavily  utilized  country  has  been  greatly  disturbed  and  but  few  natural 
areas  are  to  be  found. 

Prairie  animals  nnist  indeed  be  hardy  creatures,  for  they  mu.st  sur- 
vive not  only  the  cold  of  winter  but  the  extreme  heat  of  stnnmer.  Addi- 
tional stresses  are  the  heavy  winds  which  often  whip  across  the  areas, 
the  evaporative  power  of  the  sun,  and  the  many  prairie  fires. 

Desert. — The  desert  areas  of  the  world  are  of  exceptional  interest 
due  to  the  extreme  adaptations  of  the  plants  and  animals  dwelling  on 
them.     The  plants  characteristically  have  fleshy  stems,  and  often  have 
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the  leaves  reduced  to  mere  needles.  The  animals  are  adjusted  both  by 
their  physiology  and  habits  to  the  rigors  of  this  extreme  environment. 

Most  of  the  animals  dwelling  in  the  desert  regions  are  quite  small 
and  are  nocturnal  in  habit.  The  mammals  include  the  desert  jack 
rabbit  and  a  large  number  of  rodents  such  as  the  kangaroo  rats.  Rep- 
tiles are  among  the  characteristic  desert  forms.  Among  the  inverte- 
brates are  numerous  small  molluscs,  many  arachnids,  and  some  insects. 

The  chief  stresses  of  this  rigorous  environment  are  the  lack  of  water 
and  the  evaporative  power  of  the  sun.  These  stresses  are  met  in  many 
ways:  structurally  the  reptiles  have  heavy  scales,  many  of  the  rodents 
excrete  dry  urine,  and  utilize  the  water  {produced  during  metabolism. 
By  burrowing  and  being  active  only  at  night,  the  animals  escape  the 
worst  of  the  heat. 

De-serts  are  found  in  many  parts  of  the  world ;  in  the  United  States 
portions  of  the  .Southwest  can  be  termed  true  deserts. 

Tropical  Rain  Forest. — Through  the  tropical  areas  of  the  world 
where  the  rainfall  is  heaviest  are  located  the  luxuriant  rain  forests  with 
their  immensely  varied  fauna  and  flora.  These  forests  are  found  in 
Central  America  and  in  northern  South  America,  in  Central  Africa, 
southeast  Asia,  and  the  East  Indies  and  neighboring  islands. 

These  forests  differ  markedly  from  the  northern  ones.  Here  are 
found  numerous  species  of  trees  in  contrast  to  the  few  species  of  northern 
areas.  The  trees  are  of  varying  heights,  with  the  tallest  ones  forming  a 
continuous  canopy  over  the  lower  growing  forms.  Layers  can  be  recog- 
nized ;  thus  there  is  the  high  canopy,  the  trees  of  somewhat  lesser  height, 
those  of  medium  height,  and  finally  the  sparse  shrub  layer.  Innumerable 
vines  twine  from  tree  to  tree,  forming  intricate  lianas.  Near  the  ground, 
there  is  but  little  light  and  plants  must  constantly  grow  upward  in  their 
search  for  light  for  carrying  on  their  food-making  activities. 

As  with  the  plants,  there  are  many  different  species  of  animals,  many 
of  which  are  specifically  adapted  to  an  arboreal  life.  The  insects  like- 
wise are  of  tremendous  variety.  There  are  numerous  species  of  ants  and 
termites,  some  of  which  have  developed  truly  amazing  habits.  Brilliantly 
colored  birds  are  lost  in  the  dense  foliage.  The  arboreal  animals  often 
have  prehensile  tails  to  aid  them  in  their  movements  through  the  trees. 
Undoubtedly  no  other  biome  compares  with  the  tropical  rain  forest  in 
variety  and  number  of  animals  and  plants.  .Some  of  the  characteristic 
animals  of  the  American  tropics  are  the  monkeys,  ocelots,  sloths,  Ixja  con- 
strictors, parrots,  army  ants,  and  many  others. 
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The  main  stress  in  these  kixuriant  forests  is  competition.  For 
plants  it  is  an  unending  struggle  for  light,  and  for  animals  it  is  the  prob- 
lem of  escaping  predation. 

Biomes  of  a  Smaller  Extent. — In  mountainous  regions,  it  is  pos- 
sible to  see  biomes  characteristic  of  more  northern  areas.  Here  the  pres- 
ence of  these  is  due  to  the  altitude  rather  than  the  latitude.  Among  these 
are  the  montane  tundra  and  the  montane  coniferous  forest.  These  closely 
resemble  their  northern  counterparts  except  that  they  present  the  addi- 
tional stress  of  low  oxygen  tension  and  greater  wind  velocities.  While 
their  flora  and  fauna  are  very  similar  to  that  of  northern  areas,  the  larger 
mammals  are  absent. 


\SNOW  AND  ICE 
-SNOW   LINE 
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LOW    HERBACEOUS    VEGETATION 


Fig.  212. — Diagram  to  show  correspondence  of  biomes  met  in  ascending  a 
tropical  mountain  with  tliose  encountered  from  tlie  base  of  the  mountain  to  the  pole. 
(Modified  with  permission  from  Animal  Biology,  by  Wolcott,  copyright,  1946,  by 
McGraw-Hill   Book  Company,   Inc.) 


The  tropical  deciduous  forest  is  found  in  those  areas  of  the  tropics 
where  there  is  a  marked  alternation  of  wet  and  dry  seasons.  The  trees 
lose  their  leaves  during  the  dry  season,  hence  the  name  tropical  decidu- 
ous. The  most  extensive  of  these  are  the  great  monsoon  forests  of  In- 
dia. In  Mexico,  some  examples  are  found  along  the  west  coast  and  on 
the  Yucatan  Peninsula. 

The  winter  rain  forests  are  found  along  the  shores  of  the  Mediter- 
ranean and  in  parts  of  California.  These  small  regions  are  at  present 
badly  disturbed  by  man,  but  have  become  of  great  importance  as  citrus- 
raising  areas.    They  are  characterized  by  a  heavy  winter  rainfall. 
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In  some  northern  areas,  such  as  sections  of  central  Florida  and 
northwestern  United  States,  there  are  extensive  belts  of  rain  forests. 
These  are  characterized  by  a  rich  vegetation,  an  abundance  of  leaf  mold, 
and  a  great  variety  of  animal  life. 

COMMUNITY  SUCCESSION 

All  biotic  communities  are  in  a  dynamic  state,  that  is,  they  are  con- 
tinuously changing.  These  changes  are  evident  from  day  to  night,  from 
season  to  season,  and  from  year  to  year. 

The  day-to-night  changes  are  chiefly  evinced  by  the  different  ani- 
mals which  are  active  at  the  various  times.  Most  of  the  mammals,  for 
example,  rest  during  the  day  and  emerge  at  night  to  hunt  food ;  most 
birds  are  active  chiefly  during  the  day.  The  animals  active  at  the  dif- 
ferent times  vary  with  the  community. 

Seasonal  changes  are  most  evident  in  those  areas  with  marked 
temperature  variations  from  one  season  to  another.  This  may  cause 
mass  movements  of  animals  from  one  area  to  another,  the  inactivity  of 
some  which  are  in  hibernation,  or  even  a  change  in  appearance  such  as 
the  color  changes  shown  by  the  varying  hare. 

In  no  way  is  the  dynamic  aspect  of  a  community  more  evident  than 
in  the  changes  which  occur  over  a  period  of  years.  Of  these  changes, 
the  most  pronounced  one  is  the  gradual  development  of  all  communities 
within  an  association  toward  a  single  type.  Within  an  association,  this 
ultimate  development  is  known  as  the  climax  and  remains  relatively  un- 
changed so  long  as  the  climate  stays  the  same.  Within  the  beech-maple 
association,  all  development  eventually  culminates  in  a  beech-maple  for- 
est. Such  a  forest  is  known  as  a  climax  community  or  association.  The 
developmental  stages  are  known  as  associes,  and  the  whole  series  of 
stages  including  the  climax  is  known  as  a  sere. 

Within  any  association  there  are  numerous  developmental  stages 
present.  Very  often  a  sere  starts  as  a  small  pond  or  lake  left  behind  by 
some  glacier.  As  the  years  pass,  this  body  of  water  gradually  fills  with 
vegetation  from  the  edges.  The  initial  stage  or  first  associes  will  be  the 
open  water  with  its  population  of  sunfish,  aquatic  invertebrates,  and 
perhaps  submerged  vegetation.  The  next  associes  would  occur  as  the 
pond  was  becoming  a  marshy  area  due  to  the  growth  of  cattails,  arrow 
weeds,  and  other  vegetation.  Living  in  this  associes  would  be  forms 
such  as  the  burrowing  crayfish,  some  amphibious  snails,  and  the  mois- 
ture-loving red-winged  blackbirds.     As  soil  forms  from  these  pioneer 
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plants,  larger  plants  such  as  the  willows  could  gain  a  foothold.  Finally 
a  subclimax  forest  characterized  by  many  species  of  trees,  birds,  and 
mammals  would  result.  This  latter  associes  would  endure  until  the  trees 
characteristic  of  the  climax  gradually  moved  in. 


BARE   BOTTOM 
PIONEER   STAGE 


SUBMERGED 
VEGETATION 


EMERGING 
VEGETATION 


TEMPORARY 
POND  AND 
PRAIRIE 


BEECH  AND    MAPLE 
FOREST  CLIMAX 

Fig.  213. — Pond  succession  from  bare  bottom  stage  to  climax  forest.     (From  Read- 
ings in  Ecology  by  R.  Buchsbaum,  copyright,  1937,  by  R.  Buchsbaum.) 


A  developmental  sere  such  as  this  would  take  a  varying  amount  of 
time  depending  upon  climatic  conditions ;  however,  the  observation  may 
be  done  in  an  afternoon  by  simply  walking  back  from  the  lake  toward  the 
forest.     All  developmental  stages  may  be  encountered  in  such  a  stroll. 

A  sere  culminating  in  the  same  climax  community  may  also  start 
from  bare  ground.     In  the  sand  dunes  of  Lake  Michigan,  the  pioneer 
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stage  is  bare  sand  which  is  quickly  invaded  by  the  dune-binding  grass. 
As  this  grass  holds  the  sand,  beech  plums  and  cottonwood  are  gradually 
able  to  gain  a  foothold.  These  in  turn  are  replaced  by  a  mixed  forest  of 
oaks,  pines,  and  other  species.    Ultimately  these  are  replaced  by  the  cli- 

IF  WE  WERE  TO  SIT  ON  THE  MIDDLE  BEACH  OF  TODAY. . . 


AS  THE  YEARS   GO  BY,  THE   PREVAILING 
WINDS  WOULD   PILE  UP  THE  SAND,  WHICH 
WOULD    BE    CAPTURED    BY  GRASS 


AFTER   A  FEW    THOUSAND   YEARS 
WE  WOULD    BE  SURROUNDED    BY 
A    BEECH  AND  MAPLE   FOREST. 


SAND- WASHED  UP  OR 
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HUMUS -FROM 
PLANTS  AND 
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Fig.  214. — Dune  succession  beginning  with  bare  ground  and  culminating  in  a 
forest.  (From  Readings  in  Ecology  by  R.  Buchsbaum,  copyright,  1937,  by  R.  Buchs- 
baum.) 

max  forest.  Although  these  stages  are  best  characterized  by  the  vege- 
tation types,  the  animals  likewise  are  characteristic  of  each  associes  and 
the  association. 
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FRESH-WATER  COMMUNITIES 

Located  within  most  of  the  major  communities  are  the  numerous 
fresh-water  or  aquatic  communities.  Though  these  are  distinct  from  the 
surrounding  biomes,  even  possessing  their  own  coactions  and  reactions, 
they  are  affected  by  their  terrestrial  surroundings. 

Two  general  types  of  fresh-water  communities  are  recognizable : 
the  standing-water  and  the  flowing-water  ones.  Among  the  standing- 
water  communities  there  are  the  lakes,  ponds,  bogs,  and  temporary  pools. 
The  flowing-water  communities  are  greatly  varied  as  to  size  and  swift- 
ness of  flow. 

In  studying  any  of  these  communities  certain  habitats  with  their 
peculiar  fauna  are  recognizable.  The  bottom  supports  an  assemblage  of 
organisms  collectively  known  as  the  benthos;  this  includes  many  bottom 
protozoans,  crustaceans,  rotifers,  gastrotrichs,  snails,  clams,  worms,  and 
many  others.  When  rocks  are  present,  additional  habitats  are  available 
for  sessile  invertebrates.  The  upper  region  of  the  water  also  has  its 
characteristic  fauna,  the  plankton,  which  consists  of  numerous  small 
organisms  with  either  no  ability  to  swim  or  at  best  a  very  limited  ability. 
In  the  fresh-water  plankton  are  numerous  crustaceans  such  as  the  cope- 
pods,  cladocerans,  and  ostracods ;  rotifers,  protozoans,  and  large  num- 
bers of  unicellular  algae  are  also  found  in  this  important  region.  Last 
there  is  that  assemblage  of  organisms  capable  of  strong  swimming ;  thus 
they  are  not  at  the  mercy  of  the  wind  and  waves.  These  are  the  fish, 
frogs,  and  large  aquatic  insects  which  collectively  form  the  nekton. 

These  fresh-water  communities  are  of  great  importance  as  sources 
of  drinking  water,  areas  for  recreation,  and  for  the  production  of  fish 
for  food.  As  a  result,  a  special  science,  limnology,  is  devoted  to  their 
study. 

Standing-Water  Communities. — Of  all  the  numerous  types  of 
standing-water  communities,  only  the  large  lakes  such  as  the  Great 
Lakes  may  be  considered  climax.  All  smaller  bodies  of  water  are  ac- 
tually only  initial  stages  in  the  sere  leading  to  terrestrial  climaxes. 
Unlike  the  major  terrestrial  communities,  each  fresh-water  community 
is  a  distinct  entity,  that  is,  it  is  not  part  of  a  more  extensive  biome. 
Thus  each  lake  may  be  regarded  as  a  single  microcosm ;  in  fact,  the  fam- 
ous scientist,  Forbes,  wrote  a  classic  paper  entitled,  "The  Lake  as  a 
Microcosm"  in  which  he  described  in  detail  the  dynamics  of  a  typical 
lake  community. 
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Within  the  lake  certain  physical  factors  control  the  distribution  of 
the  fauna  and  flora.  These  factors  include  the  amounts  of  the  dis- 
solved gases  such  as  oxygen  and  carbon  dioxide,  the  dissolved  salts,  the 
pH,  wind  action,  temperature,  turbidity,  and  the  nature  of  the  bottom. 
Other  major  stresses  faced  by  the  animals  dwelling  in  standing  water 
are  the  freezing  of  winter  and  the  drying  of  summer.  Many  of  the 
smaller  bodies  of  water  dry  up  completely  while  even  the  larger  lakes 
have  areas  that  become  dry  along  the  shores. 

These  numerous  stresses  have  been  met  by  invertebrates  in  several 
different  ways.  For  many  it  means  a  reduction  of  the  more  delicate 
larval  stages  and  the  production  of  special  encysting  forms  which  can 
withstand  desiccation  and  freezing.  Other  species  produce  special  re- 
sistant eggs.  These  special  resistant  eggs  or  cysts  can  be  blown  long 
distances,  resulting  in  the  widespread  distribution  of  certain  species.  By 
such  means,  the  smaller  animals  and  plants  of  lakes  throughout  the 
world  are  often  the  same.  The  presence  or  absence  of  certain  species 
within  any  one  lake  is  dependent  more  upon  immediate  physical  condi- 
tions than  proximity  to  any  other  body  of  water. 

Lakes  within  the  temperate  zone  have  an  unusual  cycle  of  tem- 
perature relationships  during  a  year's  time.  These  unusual  relation- 
ships are  fundamentally  due  to  the  peculiar  properties  of  water ;  that  is, 
water  is  heaviest  at  4°  C,  just  above  the  freezing  point — both  above 
and  below  this  critical  temperature  the  water  is  much  lighter.  During 
the  winter  season,  the  surface  of  the  water  is  ordinarily  covered  with  a 
layer  of  ice ;  below  this,  the  water  is  of  a  comparatively  uniform  tem- 
perature and  with  little  or  no  thermal  circulation.  At  this  time,  the 
oxygen  is  depleted ;  but  inasmuch  as  the  metabolism  of  the  poikilothermic 
animals  is  low,  such  depletion  has  little  deleterious  effect.  As  the  ice 
melts  in  the  spring,  the  water  gradually  becomes  heavier.  Also  the  winds 
blow  this  surface  water  against  the  shore  where  it  tends  to  "pile  up" 
and  circulate  to  the  bottom.  This  eventually  results  in  a  complete  turn- 
over of  the  water,  with  an  accompanying  replenishment  of  the  oxygen 
supply.  As  the  spring  weather  continues  and  the  surface  water  becomes 
warmer  and  lighter,  the  circulation  continues  but  is  no  longer  complete 
owing  to  the  greater  density  of  the  lower  layers  of  water.  As  a  result, 
there  is  marked  thermal  stratification  of  the  water.  In  a  relatively 
narrow  band  known  as  the  thermocline,  the  temperature  changes 
abruptly.  It  is  above  this  narrow  band  that  the  surface  water  circulates 
due  to  wind  action.     As  a  result,  the  layer  above  the  thermocline,  the 
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epilimnion,  is  rich  in  oxygen  but  relatively  high  in  temperature.  Below 
the  thermocline  is  the  hypolimnion  which  is  relatively  cold  and  low  in 
oxygen.  These  physical  relationships  influence  the  distribution  of  the 
organisms  within  the  lake. 


LATE  SPRING 
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Fig  215— Temperature  relationships  in  a  small  lake  during  a  yearly  cycle. 
The  direction  of  the  water  currents  is  indicated  by  arrows.  Temperature  relation- 
ships are  only  approximate. 
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In  the  fall  of  the  year,  the  cooling  of  the  surface  waters  and  the 
wind  action  again  result  in  a  complete  turnover  of  the  lake.  This  lasts 
until  the  chilling  effects  of  winter  bring  about  stagnation. 

Running- Water  Communities.  —  Flowing-water  communities 
differ  in  many  respects  from  the  standing-water  ones.  They  are  not 
isolated,  usually  being  connected  in  a  network.  Thus  the  fauna  and 
flora  tend  to  become  more  or  less  uniform  within  any  system.  Unless 
pollution  has  depleted  the  oxygen  supply,  there  is  ordinarily  an  abun- 
dance of  this  vital  gas.  Also  there  is  no  thermal  stratification,  and  plank- 
ton is  scarce. 

Two  distinct  types  of  stream  communities  may  be  recognized :  the 
pool  and  rapids  habitats. 

The  pool  community  is  characterized  by  the  slow  flow  of  the  water 
and  usually  has  a  mud  or  sand}'  bottom.  In  such  a  community  there 
are  many  fish  such  as  the  sunfish  and  catfish,  numerous  minnows, 
crayfish,  and  many  insect  larvae.  Within  the  rapids  community,  the 
water  flows  swiftly  over  rocks.  The  swiftness  of  the  water  flow  varies 
from  the  comparatively  small,  slow  streams  to  the  turbulent  rapids  of 
the  mountains.  Under  these  latter  conditions,  there  is  a  large  amount 
of  dissolved  oxygen.  Here  live  fish  such  as  the  trout  and  darters  with 
their  high  oxygen  demand.  Many  of  the  insect  larvae  have  developed 
sucker  devices  for  clinging  to  the  stones  or  special  nets  for  entangling 
passing  organic  debris. 

The  development  of  streams  is  in  the  direction  of  the  so-called 
"base  level"  type  which  is  similar  to  the  pool  community.  The  base 
level  stream  may  be  considered  to  be  the  climax  type.  This  type  of 
stream  is  slow  flowing  and  often  muddy.  Within  it  conditions  are 
quite  stable  until  altered  by  geologic  changes  or  by  man. 

OCEANIC  COMMUNITIES 

The  ocean  covers  the  greater  portion  of  the  earth's  surface.  So  ex- 
tensive is  it  that  innumerable  physical  conditions  vary  in  extreme  from 
one  habitat  to  another.  These  variations  include  such  fundamental 
factors  as  temperature,  pressure,  salinity,  wind  movements,  and  tidal 
movements.  The  temperature  varies  from  that  of  the  frigid  arctic  and 
antarctic  to  that  of  the  warm  tropical  seas;  the  depths  range  from  the 
shallow  shores  to  those  of  many  miles  in  the  great  depths.  This  results 
in  pressures  varying  from  one  atmosphere  at   the   surface   to   several 
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tons  per  square  inch  in  the  depths.  Furthermore,  the  daily  tidal  move- 
ments, currents  at  times  the  size  of  rivers,  tremendous  waves,  salinity 
variations,  and  differences  in  substrate  all  influence  the  distribution  of 
animals  and  plants. 

Unlike  the  fresh-water  habitat,  the  ocean  is  continuous.  As  a  re- 
sult some  larger  animals  are  world-wide  in  their  range ;  many  fish  range 
from  one  community  to  another.  Such  facts  as  these  make  it  difficult 
to  reconcile  the  concepts  of  ocean  ecology  with  those  of  terrestrial  or 
fresh  water.  Perhaps  this  in  part  is  due  to  the  difficulty  of  study  and 
hence  our  comparatively  limited  knowledge. 

Since  the  salt  concentration  in  the  ocean  water  is  close  to  that  of 
protoplasm,  conditions  are  not  so  severe  as  in  fresh  water,  and  it  is 
possible  for  many  invertebrates  to  have  free-swimming  larval  stages. 
One  of  the  major  differences  in  fresh-water  and  oceanic  plankton  is  the 
presence  of  these  many  larval  forms. 

Despite  the  complexity  of  community  interaction,  it  is  possible  to 
recognize  certain  definite  zones  within  the  ocean.  The  most  familiar 
and  best  studied  zone  is  the  narrow  intertidal  zone.  This  is  part  of 
the  eulittoral  zone  which  extends  outward  from  the  shore  to  about  50 
meters  in  depth.  This  area  merges  gradually  into  the  siiblittoral  zone 
of  the  continental  shelf.  At  about  200  meters  depth,  the  slope  of  the 
continental  shelf  is  very  abrupt,  and  it  becomes  the  archibcnthic  zone 
which  extends  to  a  depth  of  about  2,000  meters.  Below  this  is  the 
abyssal-henthic  zone  which  continues  to  great  depths.  The  waters  above 
the  sublittoral  constitute  the  n critic  province,  while  those  above  the 
deep  sea  off  the  continental  shelf  are  termed  the  oceanic  province. 

Eulittoral  Zone. — That  area  extending  from  high  tide  mark  to  a 
depth  of  50  meters  is  known  as  the  eulittoral  zone.  The  shoreward 
portion  of  the  eulittoral  is  alternately  exposed  and  covered  by  the 
tide,  twice  every  day-night  period.  This  results  in  drastic  alterations 
of  temperature,  moisture,  light,  friction,  and  salinity.  Despite  these 
seemingly  unfavorable  conditions,  the  intertidal  zone  teems  with  life. 
The  animals  dwelling  there  usually  have  some  method  by  which  they 
can  escape  the  effects  of  drying;  some  burrow,  some  retreat  into  shells, 
and  others  crawl  under  rocks  or  other  protecting  materials.  Depending 
upon  the  substratum,  three  types  of  habitats  may  be  recognized :  ( 1 ) 
the  rocky  shores,  (2)  the  sandy  shores,  and  (3)  the  muddy  shores. 
There  may  also  be  a  fourth  type  which  is  really  a  combination  of  the 
last  two. 
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Of  these  differing  shore  habitats,  the  rocky  one  has  the  greatest  va- 
riety of  animal  and  plant  life.  Algae  of  many  types  are  attached  to 
the  rocks,  and  they  in  turn  furnish  attachments  for  sessile  animals  such 
as  hydroids  and  bryozoans.  The  upper  part  of  the  intertidal  zone 
often  has  masses  of  barnacles  attached  to  the  rocks,  while  further  out 
are  many  species  of  molluscs,  tunicates,  and  sponges.  Among  the 
loose  stones  near  the  high-tide  mark  are  a  great  variety  of  crustaceans 
and  a  few  insects.  Under  other  rocks  are  numerous  worms,  while 
within  the  small  pools  left  by  the  tide  there  may  be  sea  anemones,  bryo- 
zoans, coelenterates,  sponges,  and  many  other  animals. 

The  sandy  shore  has  but  few  algae  as  the  shifting  sands  offer  no 
reliable  attachment.  There  are,  however,  numerous  burrowing  crusta- 
ceans, worms,  and  molluscs. 

The  muddy  shore  also  has  an  unstable  substratum  which  furnishes 
but  little  attachment  for  algae.  Here  as  on  the  sandy  shore,  burrowing 
animals  predominate ;  there  are  burrowing  worms,  clams,  and  crusta- 
ceans.   Starfish  and  sea  anemones  also  may  be  found  in  this  habitat. 
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Fig.  216. — Oceanic  zones  extending  from  the  shore  to  the  depths. 


Sublittoral  Zone. — Seaward  from  the  eulittoral  zone  is  the  sub- 
littoral.  This  extensive  area  varies  in  depth  from  about  50  meters  to 
some  200  meters.  The  bottom  area  is  more  uniform  than  that  of  the 
eulittoral  and  is  formed  of  sand,  mud,  and  clay  with  the  shells  of  mol- 
luscs and  some  stones  intermixed.  Where  the  eulittoral  blends  into  the 
sublittoral  there  may  be  a  large  amount  of  the  massive  alga,  Laminaria. 
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Beyond  this,  to  a  depth  of  about  100  meters,  are  various  calcareous  sea- 
weeds ;  beyond  this,  bacteria  are  the  only  plants  normally  present.  The 
bottom  fauna  of  this  zone  consists  of  tremendous  numbers  of  the  proto- 
zoans of  the  order  Foraminifera.  In  addition  there  are  many  sponges 
which  in  turn  are  the  habitat  for  innumerable  smaller  animals:  sea 
urchins,  sea  cucumbers,  crinoids,  brittle  stars,  coelenterates,  worms, 
molluscs,  and  numerous  crustaceans.  Although  there  is  some  food 
manufacturing  by  plants  in  this  zone,  most  of  the  animals  rely  upon 
food  straining  or  being  carnivorous  for  their  subsistence.  Above  this 
extensive  bottom  fauna  is  the  neritic  province.  Here  live  many  active 
fish  as  well  as  masses  of  floating  plankton.  Many  of  these  plankton 
are  algae,  which  are  the  basis  of  the  food  chains  in  the  ocean.  It  is 
in  this  zone,  above  the  continental  shelf,  that  some  of  the  important  com- 
mercial fish  are  obtained. 

Archibenthic  Zone. — This  zone  extends  from  the  200  meter  depth 
to  about  2,000  meters.  It  begins  where  the  continental  shell  falls  off 
rapidly  to  the  great  depth  of  mid-ocean.  Below  300  meters  there  is 
only  a  small  amount  of  blue-violet  light,  the  pressure  is  more  than 
400  pounds  per  square  inch,  and  the  water  temperature  is  constant. 
In  these  areas  there  is  not  sufficient  light  to  allow  algae  to  grow ;  thus 
the  fish  and  other  organisms  dwelling  here  must  rely  on  food  falling 
from  above  or  being  carnivorous.  On  the  bottom  are  great  sponges, 
some  many  feet  across.  Many  of  these  have  stiltlike  attachments  for 
gaining  a  foothold  in  the  oozy  bottom.  Echinoderms,  including  red- 
dish sea  cucumbers,  starfish,  and  brittle  stars,  are  abundant.  There 
are  also  many  brachiopods  and  bivalve  molluscs.  At  about  2,000 
meters,  the  limits  of  this  zone,  the  water  still  has  the  same  temperature, 
but  there  is  no  light  and  the  pressure  is  about  one  ton  per  square 
inch.  Here  there  is  a  veritable  forest  of  sponges ;  upon  these  live  many 
other  smaller  animals  including  crustaceans,  echinoderms,  and  worms. 
Pycnogonids  walk  with  their  stiltlike  legs  over  the  soft  bottom.  Here 
many  of  the  organisms  are  luminescent. 

Abyssal-Benthic  Zone. — This  last  zone  extends  from  the  2,000 
meter  depth  to  the  tremendous  depths.  Here  the  water  is  only  slightly 
above  0°  C.  in  temperature  and  the  pressure  is  enormous.  In  it  are 
found  the  fantastic,  voracious  fish  with  their  gaping  mouths  and 
small  bodies.  Many  have  elaborate  luminescent  organs.  The  bottom 
is  soft  and  oozy,  and  animals  must  have  some  means  of  supporting 
themselves  in  the  soft  sediment.    There  are  many  sessile  animals  includ- 
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ing  corals,  bryozoans,  crinoids,  sea  pens,  and  tunicates.    In  addition  there 
are  many  sea  cucumbers,  molluscs,  pycnogonids,  and  long-legged  crabs. 
Above  these  last  two  zones  is  the  oceanic  province  of  the  nektonic 
and  planktonic  forms  of  the  open  sea. 

POPULATIONS 

Ecology  is  essentially  a  study  of  populations,  their  growth,  inter- 
relationships, and  limits.     In  short,  it  is  a  study  of  their  dynamics. 

Every  community  has  within  it  a  complex  of  interrelated  popula- 
tions. In  any  natural  community  the  animals  and  plants  are  in  balance 
with  one  another.  Any  increase  in  numbers  of  some  one  species  is 
soon  checked.  This  check  may  be  a  rise  in  numbers  of  predators,  a 
decrease  in  food,  or  even  some  disease.  By  such  means,  the  numbers  are 
kept  within  normal  bounds. 

At  times  this  vital  balance  is  upset  by  man's  interference.  In  such 
cases,  certain  species  may  increase  in  numbers  due  to  the  removal  of 
the  natural  limiting  factors.  Eventually  a  new  balance  may  be  reached, 
but  in  the  meantime  the  whole  community  is  upset. 

Growth  of  Populations. — It  is  difficult  to  observe  population 
growth  under  natural  conditions,  so  most  information  has  been  obtained 
from  observations  made  under  controlled  conditions  in  laboratories. 
Studies  have  been  made  on  protozoans,  Drosophila,  bacteria,  and  the 
flour  beetle,  Tribolium,  among  many  others. 

The  initial  growth  under  such  controlled  conditions  is  slow,  but 
as  the  numbers  of  breeding  individuals  increase,  the  number  of  indi- 
viduals in  the  population  increases  rapidly  to  a  maximum  and  then 
levels  off.  If  this  growth  were  to  be  plotted  on  a  graph,  it  would  be 
seen  that  an  S-shaped  curve  resulted.  This  type  of  curve,  known  as 
a  sigmoid  curve,  is  typical  of  population  growths.  The  upper  limit 
varies  with  different  limiting  factors.  Most  often  these  factors  are 
food  or  space,  but  such  things  as  predators,  disease,  or  change  of  substrate 
can  also  affect  the  growth. 

Without  benefit  of  laboratory  experimentation,  Malthus  long  ago 
postulated  that  human  populations  increased  geometrically  while  the 
food  supplies  increased  arithmetically.  When  the  population  became 
too  great  for  the  food  supply,  he  stated,  starvation  w^ould  result  in  a 
population  decrease.  Essentially  this  does  fit  the  picture  of  population 
growth;  however,  since  Malthus's  time,  technological  improvements 
have  constantly  raised  the  upper  limit  of  food  production.     Human 
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populations  thus  continue  to  grow.  Such  overpopulated  countries  as 
India  do,  however,  illustrate  the  truth  of  Malthus's  ideas ;  such  a 
country  is  commonly  called  a  Malthusian  country. 

Fluctuations  of  Aliundance. — Once  a  population  has  reached  its 
upper  limits,  it  does  not  necessarily  stay  at  this  exact  level.  It  may 
fluctuate  in  numbers  from  year  to  year  or  season  to  season.  At  times, 
these  fluctuations  may  even  produce  sudden  spurts  of  abundance  or  again 
drop  off  nearly  to  extinction.  Most  fluctuations,  however,  are  not  this 
drastic  and  are  simply  arythmical  variations  in  abundance.  In  some 
ways  the  most  remarkable  of  all  are  populations  that  fluctuate  in  a 
more  or  less  definitely  cyclic  manner.  This  has  been  demonstrated  for 
some  mammals  and  a  few  birds. 

The  population  of  the  varying  hare  in  the  Hudson  Bay  area  of 
Canada  has  been  recorded  for  a  number  of  years  by  the  Hudson's  Bay 
Company  and  other  observers.  There  is  a  cyclic  abundance  of  the 
varying  hare  with  the  peaks  of  abundance  occurring  at  nine-  or  ten-year 
intervals.  Similarly  the  Canada  lynx  which  depends  to  a  great  ex- 
tent upon  the  varying  hare  for  its  food  has  a  cycle  of  abundance  with 
the  mean  time  between  peaks  of  9.7  years.  Similar  cycles  but  with  dif- 
ferent periods  have  been  demonstrated  for  mice,  lemmings,  collared 
fox  of  Labrador,  and  several  species  of  birds.  The  causes  of  these 
cycles  are  not  clearly  understood,  although  a  number  of  theories  have 
been  postulated.  Some  of  these  include  such  things  as  inherent  rhythms, 
sunspot  cycles  and  radiation  effects,  disease,  and  the  shock  syndrome 
of  crowding. 

This  latter  theory  postulates  that  the  effect  of  high  populations  is 
to  increase  the  activity  of  the  adrenal  cortex  so  that  the  animals  easily 
go  into  shock.  They  not  only  die  in  large  numbers,  but  are  probably 
less  fertile.  Certainly  the  best  explanation  at  present  is  that  such  cycles 
are  due  to  a  great  variety  of  factors  which  are  not  clearly  understood. 

Food  Networks. — The  factor  which  most  frequently  limits  the 
growth  of  any  population  is  that  of  available  food.  Within  any  commu- 
nity there  is  a  complex  of  food  webs  which  embraces  all  organisms.  It 
is  so  complex  that  it  can  best  be  shown  by  means  of  a  very  simplified, 
at  least  partially  true,  diagram. 

Darwin  was  one  of  the  first  to  call  attention  to  the  importance 
of  these  food  webs  which  he  termed  "webs  of  life."  In  a  somewhat  face- 
tious moment,  he  pointed  out  that  perhaps  the  economic  life  of  England 
was  in  some  way  correlated  with  the  number  of  old  maids.     He  rea- 
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soned  thus:  old  maids  keep  cats,  cats  destroy  field  mice  which  in 
turn  destroy  bumblebee  nests.  These  latter  are  important  for  the  pol- 
lination of  clover.  The  obvious  conclusion  is,  the  more  old  maids,  the 
more  cats,  the  fewer  field  mice,  the  more  bumblebees,  and  hence  the 
bumper  crop  of  clover.  True  or  not,  this  does  show  the  interconnec- 
tions that  exist  within  a  community.  A  glance  at  the  diagram  shows 
how  the  complete  removal  of  any  one  organism  may  upset  the  whole 
complex.  The  truth  of  this  has  been  shown  repeatedly  as  man  at- 
tempts to  modify  his  environment. 
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Fig.  217. — Diagram  show^ing  the  food  relationships  of  a  prairie  community. 
Arrows  point  from  the  animals  eaten  to  those  doing  the  eating.  (From  Animal  Com- 
munities in  Temperate  America  by  Shelford,  The  University  of  Chicago  Press,  copy- 
right, 1913,  by  the  University  of  Chicago.) 


At  the  basis  of  all  these  complex  food  relationships  are  the  green 
plants  of  the  community  which  manufacture  the  food  from  carbon  di- 
oxide and  water,  thus  making  available  energy  for  the  growth  of  the 
whole  community. 
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CONSERVATION 

One  of  the  many  problems  facing  us  today  is  that  of  the  conserva- 
tion of  natural  resources.  These  include  the  soils,  forests,  minerals, 
streams,  and  wildlife.  The  conservation  of  these  resources  is  impor- 
tant not  only  to  us  but  to  future  generations. 

At  one  time,  conservation  was  regarded  as  the  non-use  of  these 
vital  resources.  Today  the  attitude  is  quite  changed ;  instead  it  is  be- 
lieved that  these  should  be  used,  but  in  an  intelligent  manner.  Trees 
may  in  this  way  be  cropped  from  the  forest,  but  replanting  takes  care 
of  future  needs.  Game  may  be  hunted,  but  means  for  natural  replenish- 
ment must  be  considered.  For  animals  the  conservation  may  consist 
of  limits  on  numbers  of  individuals  shot,  provision  of  nesting  sites, 
supplies  of  food  during  periods  of  stress,  and  protection  during  the 
breeding  season.  Many  attempts  at  conservation  have  failed  because 
the  well-meaning  persons  in  charge  did  not  base  their  practices  on  ade- 
quate biological  information. 

Interference  With  Food  Networks. — Frequently  man  has  re- 
moved predators  in  order  to  help  certain  species  which  he  favors  to 
increase  in  numbers.  This  well-meant  practice  frequently  has  unfore- 
seen consequences.  One  classic  example  is  that  which  occurred  in 
the  Kaibab  plateau  of  Arizona. 

Under  natural  conditions  there  were  about  4,000  deer  in  this  pre- 
serve. Their  numbers  were  kept  in  check  by  numerous  wolves,  coyotes, 
and  pumas.  About  1905  there  began  an  intensive  efifort  to  increase  the 
deer  population  by  killing  off  these  natural  predators.  With  this  pres- 
sure removed,  the  number  of  deer  increased  in  the  typical  accelerated 
growth  curve.  When  the  number  of  deer  reached  about  40,000  in  1920, 
the  first  indication  of  trouble  appeared.  When  the  population  reached 
60,000  it  was  noted  that  some  fawns  were  dying  of  starvation  due  to 
the  depletion  of  the  natural  food.  Despite  more  warning,  nothing  was 
done  to  control  the  number  of  deer.  As  a  result,  the  population  in- 
creased to  100,000  in  1924.  This  was  far  beyond  the  carrying  capacity 
of  the  forest,  and  during  the  next  two  winters,  60  per  cent  of  the 
herd  starved.  In  1925,  the  population  was  down  to  40,000.  In  1939, 
there  were  about  10,000  deer  with  only  a  few  pumas  and  a  very 
much  damaged  forest.  For  many  years  this  has  stood  as  a  monument 
to  bad  conservation  practices. 

This  is  but  a  single  example  of  a  whole  series  of  bad  practices  which 
have  resulted  in  unfortunate  situations. 
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Introduction  of  New  Forms. — The  introduction  of  new  forms 
into  an  area  may  have  as  deleterious  effects  as  the  removal  of  some  one 
form.    This,  too,  has  been  shown  repeatedly. 

In  the  early  1800's  some  homesick  Englishman  introduced  five 
rabbits  into  Australia — chiefly  so  that  he  could  go  hunting.  The  rab- 
bits in  this  new  area,  without  natural  predators  or  parasites,  spread 
with  tremendous  rapidity  over  most  of  Australia.  By  1920  they  were 
found  in  three-fourths  of  the  country  and  were  threatening  the  sheep- 
raising  industry  due  to  their  destruction  of  vegetation. 

Here  in  the  United  States,  the  introduction  of  the  English  sparrow 
at  first  raised  havoc  with  our  native  birds.  It  is  an  aggressive  ani- 
mal, well  able  to  take  over  nesting  sites  and  available  food.  It  was 
thus  competing  with  the  native  birds  and  actually  being  more  successful 
for  it  had  no  natural  enemies.  At  present  it  has  achieved  somewhat 
of  a  balance  in  its  chosen  habitats. 

Even  more  harmful  has  been  the  accidental  introduction  of  agricul- 
tural pests.  This  was  much  more  common  in  the  past  than  at  present, 
for  now  strict  examination  of  plants  entering  the  country  is  required. 
The  European  corn  borer,  the  gyps}-  moth,  and  many  other  harmful 
forms  can  be  included  here. 

Conservation  thus  has  many  facets.  It  includes  the  preservation 
of  natural  areas  and  their  fauna  and  flora  as  well  as  the  intelligent 
use  of  our  lands,  forests,  and  waters.  Any  program  involving  the  use 
of  these  resources  can  be  successful  only  as  it  is  based  upon  sound 
ecological  principles. 
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Abduction— act   of   drawing   away   from    a    position    near    to,    or    parallel    with, 

the  main  axis  of  the  body. 
Aboral — away  from  the  mouth. 
Acoelomate — without  a  body  cavity. 

Adduction — act  of  drawing  toward  the  main  axis  of  the  body. 
Aerobic — occurring  only  in  the  presence  of  oxygen. 
Afferent — conducting  to  a  specific  structure  or  organ. 
Agglutination — a  reaction  in  which  cells  collect  into  clumps. 
Agglutinin — a  substance  producing  agglutination. 

Agglutinogen — a  substance  which  stim.ulates  the  production  of  an  agglutinin. 
Allantois — an   embryonic   structure   found   in   reptiles,    birds,   and   mammals. 
Allelomorph   (or  Allele)— either  of  a  pair  of  contrasting  characters. 
Alveolus — an  air  cell  of  the  lungs. 
Amino  Acid — unit  of  which  a  protein  is  composed. 
Amnion — an  embryonic  membrane  of  reptiles,  birds,  and  mammals. 
Anabolism — the  constructive  phase  of  metabolism. 
Anaerobic — occurring  in  the  absence  of  oxygen. 

Analogy — similarity  of  function  but  with  different  evolutionary  origins. 
Anastomosis — union  or  joining. 
Anion — a  negatively  charged  particle. 

Annelida — phylum  of  worms  that  includes  the  earthworm. 
Anterior — pertaining  to  or  toward  the  head. 
Anus — posterior  opening  of  the  digestive  tract. 
Aorta — principal  artery  of  the  circulatory  system. 
Appendicular    skeleton — portion    of   the    skeleton    composed    of   the    girdles    and 

limbs. 
Arbor  vitae — a  treelike  structure  in  the  cerebellum. 
Archenteron — the  primitive  digestive  sac  of  the  gastrula,  the  gastrocoel. 
Arteriole — a  small  artery. 

Artery — blood  vessel  which  carries  blood  from  the  heart. 
Arthropoda — phylum  of  animals  that  includes  the  insects,  crustaceans,  arachnids, 

and  others;   all  possess  jointed  legs. 
Association — in    ecology,    the  climax  community;   thus  a  major  subdivision  of  a 

biome. 
Associes — a  developmental  community ;  one  that  is  not  a  climax. 
Asymmetric — not  symmetrical ;  without  planes  of  symmetry. 
Auricle — a  chamber  of  the  heart  that  receives  blood  from  the  veins. 
Autonomic — acting  independently  of  conscious  control. 
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Autosome — any  chromosome  other  than  the  sex  chromosomes. 

Axial  skeleton — the  portion  of  the  skeleton  comprising  the  skull,  backbone,  ribs, 

and  sternum. 
Axolotl— a  salamander  that  ordinarily  does  not  metamorphose,   but   breeds  in  a 

larval  condition. 
Axon — a  nerve  cell  process  that  conducts  impulses  away  from  the  cell  body. 

B 

Belly — the  main  portion  of  a  muscle ;  the  abdomen. 

Benthos — organisms  living  at  the  bottom  of  an  ocean  or  lake. 

Bilateral  symmetry — the  condition  in  which  the  right  and  left  sides  are  mirror 
images  of  one  another. 

Bile — a  secretion  of  the  liver. 

Binomial  nomenclature — a  system  of  naming  animals  in  which  each  species  re- 
ceives two  names,  the  first  being  the  generic,  the  second  the  specific. 

Biome — in  ecology,  the  largest   recognized  unit. 

Blastocoel — the  cavity  of  the  blastula. 

Blastomere — any  cell  in  the  early  stages  of  cleavage. 

Blastula — a  stage  in  early  embryology  in  which  the  cells  are  grouped  to  form 
a  hollow  ball. 

Bolus — a  rounded  mass  such  as  chewed  food. 

Bone — a  unit  of  the  skeleton;   tissue  that   composes   skeleton. 

Brain — a  large  mass  of  nerve  tissue  at  the  anterior  end  of  the  body. 

Bronchus — a  subdivision  of  the  trachea. 

Budding — a  method  of  asexual  reproduction. 

Buffer — a  substance  which  tends  to  preserve  the  pH  of  a  solution  when  acids 
or  bases  are  added. 

Bursa — a  saclike  cavity. 

C 

Caecum — a  blind  pouch. 

Canalicule — a  minute  canal. 

Capillary— a    small,    thin-walled    vessel,    especially    the    smallest    vessels    of    the 

blood  system. 
Carbohydrates — a  class  of  foods  which  includes  the  sugars  and  starches. 
Cardiac — pertaining  to  the  heart. 

Carnivorous — preying  or  feeding  upon  live  animal  material. 
Cartilage — a  type  of  connective  tissue. 
Catabolism — the  destructive  phase  of  metabolism. 
Cation — a  positively  charged  particle. 
Caudal — pertaining  to  the  tail. 
Cell — unit  of  structure  and  function  of  animals. 
Centrosome — a  minute  structure  found  in  the  cytoplasm. 
Cephalic — pertaining  to  the  head. 
Cerebellum — part  of  the  vertebrate  brain. 
Cerebrum — part  of  the  vertebrate  brain. 
Chiasma — crossing. 
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Chordata — phylum  that  contains  the  vertebrates. 

Chorion — an  embryonic  membrane. 

Chromatin— deeply   staining   material   that   carries   hereditary    factors   and   which 

is  located  in  the  nucleus  of  the  cell. 
Chromatophore — a  pigment  cell. 

Chromosome— a  dark-staining  body  formed  during  cell  division. 
Class— in  classification,  a  category  more  inclusive  than  the  order  and  less  than 

the  phylum. 
Cleavage — first  divisions  of  the  fertilized  egg. 

Coelenterata— phylum  that  contains  the  hydra,  jellyfishes,   and  corals. 
Coelom — a  body  cavity  lined  with  peritoneum. 
Colloid— a  state  of  matter  in  which  particles  are  distributed  throughout  a  medium. 

The  particles  are  larger  than   single  molecules. 
Colon — part  of  the  large  intestine. 
Commensalism— a  condition  in  which  two  organisms   live  together  with   neither 

benefiting  or  being  injured. 
Community — any  assemblage  of  organisms. 
Commissure — a  connecting  band  of  nerve  fibers. 
Condyle — a  rounded  protuberance  on  a  bone. 
Conjugation — temporary  cytoplasmic  union  between  two  individuals  accompanied 

by  exchange  of  nuclear  material. 
Convergence — the  development  of  similar  characters  between  animals  of  diflfer- 

ent  origins. 
Copulation — sexual  union,  fusion  of  two  gametes. 
Corium — deeper  layer  of  the  skin ;  the  dermis. 
Corpus  callosum— band  of  nerve  fibers  uniting  the  cerebral  hemispheres  in  the 

higher  mammals. 
Cortex — the  outer  part  of  an  organ. 
Cranium — the  part  of  the  skull  which  encloses  the  brain. 

Crop — enlargement  of  the  digestive  tract  for  the  temporary  storage  of  food. 
Ctenophora — phylum  of  animals  containing  the  comb   jellies. 
Cyst — a    resistant    sac   which    many    small    animals    secrete    about    themselves    to 

withstand  unfavorable  conditions. 
Cytoplasm — protoplasm  of  the  cell  exclusive  of  the  nucleus. 

D 

Dendrites — a  process  of  a  nerve  cell  which  conducts  impulses  toward  a  cell  body. 

Dentine — material  which  composes  the  principal  mass  of  a  tooth. 

Dermis — the  deeper  layer  of  the  skin ;   the  corium. 

Diaphragm — in  mam.mals,   a  muscle  that   separates  the   cavity  of  the  chest  from 

that  of  the  abdomen. 
Diaphysis — the  shaft  of  a  long  bone. 
Diastema — a  space  between  teeth  in  a  jaw. 
Diarthrosis — a  joint  which  permits  free  movement. 
Diastole — dilation  of  the  cavities  of  the  heart. 
Dihybrid — genetic  cross  involving  two  characters. 
Dioecious — having  the  male  and  female  reproductive  organs  in  different  individuals. 
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Diploblastic — with  two  germ  layers. 

Diploid — having  the  full  complement  of  chromosomes. 

Distal — away  from  the  point  of  attachment  to  the  main  body  mass. 

Dominant — in  genetics  that  member  of  a  pair  of  factors   which,   when  both  are 

present,  expresses  itself  over  the  other. 
Dorsal — pertaining  to  the  back  of  an  animal. 
Duodenum — anterior  part  of  small  intestine. 

E 

Echinodermata — phylum  of  anin^als  that  contains  the  starfish  and  related  forms. 

Ectoderm — the  outer  germ  layer  of  the  embryo. 

Effector — an  organ  that  makes  a  response. 

Efferent — conducting  away  from  a  specific  structure  or  organ. 

Embolus — a  foreign  particle  or  clot  circulating  in  the  blood. 

Embryo — an  organism  in  an  early  developmental   stage. 

Endocrine    gland — a    gland    that    secretes    its    products    directly    into    the    blood 

stream  for  distribution  to  all  parts  of  the  body. 
Endoskeleton — an   internal  skeleton. 

Endothelium — an  epithelium  which  lines  internal  cavities  of  the  body. 
Entoderm — the  inner  germ   layer  of  the  embryo. 
Enzyme — organic  catalyst  that  brings  about   reactions  without  appearing  in  the 

final  products. 
Epicondyle — a  bony  ridge  above  the  condyle. 
Epidermis — outer  layer  of  the  skin. 
Epiglottis — a  flap  of  tissue  above  the  glottis. 
Epithelium — a  type  of  connective  tissue  that  covers  a  surface. 
Epiphysis — the  end   region  of  a  long  bone. 
Erythrocyte — a  red  blood  cell. 
Esophagus— upper  part  of  the  digestive  tract ;  it  leads  from  the  posterior  portion 

of  the  mouth  to  the  stomach. 
Estrus — mating  period  of  most  mammals  when  the  female  is  receptive  to  the  male. 
Evolution — the  gradual   developnient  of  new  forms. 
Exoskeleton — an  external  skeleton. 


Family — in  classification,  a  category  more  inclusive  than  the  genus  and  less  than 

the  order. 
Fascia — a  sheet  of  connective  tissue  that  separates  muscle  layers. 
Fascicle — a  bundle. 

Fat — one  of  the  basic  food  substances ;  a  type  of  connective  tissue. 
Feces — waste   materials   expelled  from   the   large   intestine. 
Fertilization — the  union   of  the   male  and   female  gametes. 
Fetus — in  mammals,  the  young  in  the  later  stages  of  intrauterine  development. 
Fibrin — an  insoluble,  fibrous  protein  formed  from  fibrinogen  during  blood  clotting. 
Fibrinogen — a  soluble  protein  present  in  the  blood. 
Fission — division. 


676         Glossary 

Flexion — a  type  of  movement  that  involves  the  bending  of  a  joint. 

Fontanel — a   space   between   the   bones   of   the    skull    of   a   fetus    or   very    young 

animal  that  is  covered  by  a   membrane.     Here  tiie   blood   may   be   seen 

to  pulsate,  suggesting  a  fountain. 
Foramen — a  small  opening. 
Fossa — a  depression. 

Fovea — the  place  on  the  retina  of  the  eye  where  vision  is  most  acute. 
Frenulum — a  fold  of  tissue  that  binds  the  underside  of  the  tongue. 
Frontal  plane — plane  parallel  to  dorsal  (or  ventral)  surface. 


Gamete — a  matured  sex  cell;   egg  or  sperm. 

Gametogenesis — the  process  by  which  gametes  are  formed. 

Ganglion — a  mass  of  nerve  cell  bodies  located  outside  the  central  nervous  system. 

Gastrovascular — functioning  both  for  digestion  and  circulation;   a  type  of  cavity 

found   particularly  among  the   coelenterates,   ctenophores,   and   flatworms. 
Gastrula — an  embryonic  stage. 

Gene — an   hereditary   factor   located   on   the   chromosome. 
Genotype — the  genetic  composition  of  an  organism. 
Genus — a  category  of  classification  more  inclusive  than  the  species  but   less  than 

the  family. 
Gill — a  respiratory  structure. 

Gizzard — a  portion  of  the  digestive  tract  where  food  is  ground. 
Gland — a  secreting  structure. 

Glottis — the  opening  of  the  respiratory  tract  found  on  the  floor  of  the  pharynx. 
Glycogen — carbohydrate  related  to  starch ;  found  in  the  liver  of  most  animals. 
Gonad — a  general  name  for  either  the  testis  or  ovary. 

H 

Haploid — having  half  the  number  of  chromosomes  present  in  the  body  cells ;  the 

number  characteristic  of  the  egg  and  sperm. 
Haversian   canal — passageway  in  bone. 
Heart — the  pumping  organ  of  the  circulatory  system. 
Hemoglobin — the  respiratory  pigment  of  the  red  blood  cells. 
Hemophilia — a  condition,   usually   hereditary,   in   which   the   blood   does   not   clot 

properly. 
Herbivorous — having  a  diet  consisting  chiefly  of  plant  material. 
Hermaphroditic — having  both  male  and  female  organs  in  the  same  individual. 
Heterodont — having  the  teeth  differentiated  into  various  types. 
Heterogametes — gametes   that   differ    in    size,    motility,    or    appearance. 
Heterozygous — having   both   genes   different   for   the   same    character. 
Holophytic — obtaining  nutrition  like  a  plant,  that  is,  manufacturing  of  food. 
Holozoic — obtaining  nutrition  like  an  animal,  that  is,  feeding  on  other  organisms. 
Homeostasis — the  maintaining  of  a  constant  state   (with  reference  to  the  internal 

medium). 
Homodont — having  teeth  all  alike. 
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Homoiolhermic — having  a  relatively  constant  body  temperature. 

Homology — similarity  in  evolutionary  origins  but  not  necessarily  in  function. 

Homozygous — having  both   genes   identical   for   the   same   character. 

Hormone — the  secretion  of  an  endocrine  gland. 

Hybrid — the  offspring  resulting  from  the  union  of  two  races. 

Hyoid — a  group  of  bones  at  the  base  of  the  tongue  which  are   developed  from 

the  second  and  third  visceral  arches. 
Hypertonic — having  a  greater  concentration  of  ions   than   another   solution. 
Hypotonic — having  a  lesser  concentration  of  ions  than  another  solution. 

I 

Heum — the  longest  part  of  the  small   intestine. 

Ilium — one  of  the  bones  of  the  pelvic  girdle. 

Incisor — a  type  of  tooth  adapted  for  cutting. 

Insertion — the  point  of  attachment  of  a  m.uscle  to  the  part  to  be  moved. 

Integument — the  covering  structure  of  an  animal. 

Intestine— portion  of  the  digestive  tract. 

Ion — a  charged  particle. 

Isogametes — gametes  that  are  alike  in  size,  motility,  and  appearance. 

Isodont — having  teeth  all  alike. 

Isotonic — having  the  same  concentration  of  ions  as  another  solution. 


Jejunum — a  portion  of  the  small  intestine. 
Joint — articulation  of  two  bones. 

K 

Keratin — a  relatively  insoluble  protein  found  in  the  skin  and  its  derivatives. 
Kymograph — an  instrument  for  the  recording  of  muscular  movements. 


Lacteal — a  lymphatic  vessel  of  the  small  intestine. 

Lacuna — a  small  cavity. 

Lamella — layer  or  plate. 

Larynx — upper  part  of  the  trachea. 

Lateral — pertaining  to  the  side. 

Lateral  line  system — a   series  of  sense  organs  along  the   sides  of  most   fish  and 

some  larval  amphibians. 
Lethal — deadly. 
Leucocyte — white  blood  cell. 

Ligament — a  strand  of  connective  tissue  that  joins  two  bones. 
Liver — a  large  gland,  usually  associated  with  the  digestive  tract. 
Lumen — cavity  of  a  tubular  organ. 
Lung — a  respiratory  organ. 
Lymph — a  colorless   liquid  which  circulates  in  the   lymph  vessels.     It   is   derived 

from  the  blood  and  consists  chiefly  of  blood  plasma  and  leucocytes. 
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M 


Maorogamete — the  larger  or   female  gamete. 
Malpighian  layer — the  actively  dividing  layer  of  the  epidermis. 
Mammary   glands — the  glands  of  mammals   that   produce   milk   for   the   nourish- 
ment of  the  young. 
Marrow — vascular  soft  tissue  found  in  the  cavities  of  most  bones. 
Medial — toward  the  middle  of  the  body. 

Median  plane — plane  dividing  the  body  into  right  and  left  halves. 
Mediastinum — the  space  in  the  thoracic  cavity  between   the   lungs   that   contains 

the  heart,   thymus,  and  large  blood  vessels. 
Medulla — the  inner  portion  of  any  organ;  part  of  the  brain. 
Medusa — jellyfish;    the    sexual    stage   of   some   coelenterates. 
Meiosis — the   process   that   results    in   the   production   of   gametes   with   a   haploid 

number  of  chromosomes. 
Membrane  bone — a  bone  which  is  formed  in  connective  tissue. 
Meninges — the  membranes  which  envelop  the  brain  and   spinal   cord. 
Mesoderm — the  middle  embryonic  germ  layer  from  which  the  bulk  of  the  body 

organs  develop. 
Metabolism — the  sum  of  the  processes  involved   in   the   building   up   and   tearing 

down  of  protoplasm. 
Metagenesis — alternation  of  sexual  and  asexual  generations. 
Metamerism — serial  segmentation. 

Metazoa — animals  whose  bodies  consist  of  more  than  a  single  cell. 
Metanephridial   system — an   excretory   system   in  which  each   unit   consists   of  a 

tubule  with  a  ciliated   funnel   which   usually   opens   into   the   body  cavity. 
Microgamete — the  smaller  or  male  gamete. 
Mitosis — a  process   of  cell   division   in   which   the   resulting   cells   have   the   same 

number  and  kind  of  chromosomes  as  the  original. 
Molar — a  kind  of  tooth  adapted  for  grinding. 

Mollusca — a  phylum  of  animals  that  contains  the  clams,  snails,  and  octopuses. 
Molt — periodic  shedding. 
Monoecious — having    both    male    and    feinale    reproductive    organs    in    the    same 

individual. 
Monohybrid — a  genetic  cross  involving  a  single  pair  of  characters. 
Morula — a  stage  of  early  embryology  in  which  there  is  a  mass  of  cells  formed 

by  cleavage. 
Motor — a  type   of   nerve   or   nerve    fiber   that   carries   impulses    from   the   central 

nervous  system  or  a  ganglion  to  a  muscle  or  gland. 
Mucosa — the  inner  lining  of  the  intestine. 

Muscle — an  organ  that  produces  movement ;  the  tissue  composing  the  organ. 
Mutation — a  sudden  change  in  a  gene  resulting  in  a  phenotypic  modification. 
Myelin — a  sheath  of  fatty  tissue  surrounding  some  nerve  fibers. 
Myofibril — longitudinal  fibril  found  within  a  muscle  cell. 
Myotome — muscle  segments. 
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N 

Nasopharynx— the  upper  part  of  the  pharynx. 

Neck — a  constricted  part. 

Nekton— the  larger  animals  of  a  body  of  water  that  are  able  to  swim  against 

the  currents. 
Nemathelminthes — the  phylum  of  animals  that  contains  the  nematodes. 
Neurilemma— the  outer  sheath  of  a  nerve  fiber. 
Node — a  swelling. 

Notochord — a  dorsal  cartilaginous  supporting  rod  found  in  chordates. 
Nucleolus — a  small  body  found  in  the  nucleus  of  a  cell. 
Nucleus — the  controlling  part  of  the  cell. 

O 

Olfactory — pertaining  to  the  sense  of  smell. 

Omniverous — feeding   on   foods   of  both   plant   and   animal   origin. 

Oogenesis— the  process  by  which  the  egg  is  formed. 

Oral — pertaining  to  the  mouth. 

Order- in  classification,  a  category  more  inclusive  than  family  and  less  than  class. 

Organ — a  structure  adapted  to  perform  a  specific  function  or  functions. 

Organelle — a  specialized  part  of  a  protozoan  cell  performing  a  specific  function. 

Organogeny — the  embryological  development  of  organs. 

Origin — the  attachment  of  a  muscle  to  the  part  that  is  not  moved  during 
contraction. 

Orthogenesis — the  development  of  organisms  in  a  direct  line. 

Osmosis — the  passage  of  materials  through  a  semipermeable  membrane. 

Osteoblasts — bone-building  cells. 

Osteoclasts — bone-destroying  cells. 

Otolith — calcareous  concretions  found  in  sense  organs  concerned  with  maintain- 
ing balance. 

Oviparous — laying  eggs  that  subsequently  hatch. 

Ovoviviparous — retaining  the  eggs  within  the  body  of  the  parent  until  hatched. 

Ovum — the  egg ;  the  female  germ  cell. 


Paedogenesis — reproduction  by  larval  animals. 

Palaeontology — the  study  of  the  life  of  past  geologic  periods. 

Palate — the  roof  of  the  mouth. 

Pancreas — a   large   compound   gland   present   in   most   vertebrates. 

Papilla — a  rounded  projection. 

Parasitism — a  condition   in   which   two   organisms   are   associated   and   only   one 

benefits. 
Parasympathetic — a  physiological  division  of  the  autonomic  nervous   system. 
Parenchyma — a  soft  connective  tissue  that  fills  spaces  between  organs   in  some 

animals. 
Parietal — pertaining  to  the  walls  of  a  structure  or  cavity. 
Parthenogenesis — reproduction   by   means   of  an   unfertilized   egg. 
Pectoral  girdle — a  group  of  bones  that  supports  the  forelimbs. 
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Pelvic  girdle — a  group  of  bones  that  supports  the  hindlimbs. 

Periosteum — a  tough  membrane  surrounding  a  bone. 

Pericardium — a  sac  of  serous  membrane  surrounding  the  heart. 

Peristalsis — the  waveHke  movements  of  the  digestive  tract  by  which  food  is 
moved  along. 

Peritoneum — serous  membrane  Hning  the  body  cavity  and  surrounding  the  vis- 
ceral organs  in  the  eucoelomates. 

Peripheral — pertaining  to  the  outer  surface. 

Pharynx — the  portion  of  the  digestive  tract  between  the  cavity  of  the  mouth  and 
the  esophagus. 

Phenotype — visible  characters  of  an  individual  as  contrasted  with  his  genetic 
composition. 

Photophore — an  organ  that  emits  light. 

Phylum — in  classification,   a  category  more   inclusive  than  the   class. 

Placenta — the  vascular  organ  of  attachment  of  the  developing  young  to  the  mother. 

Plankton — the  group  of  floating  or  weakly  swimming  organisms  in  a  body  of  water. 

Planula — larva  of  coelenterates. 

Plasma — the  liquid  portion  of  the  blood. 

Platelets — the  formed  element  of  the  blood  concerned  with  clotting. 

Platyhelminthes — the  phylum  of  animals  that  contains  the  flatworms. 

Pleura — membrane  surrounding  the  lungs. 

Plexus — a  network. 

Poikilothermic — having  a  variable  body  temperature. 

Polar  body — one  of  the  bodies  containing  chromosomes  that  is  cast  off  during 
oogenesis. 

Polyp — the  attached  stage  of  certain  invertebrates,  especially  the  coelenterates. 

Pons — a  band  of  nerve  fibers  connecting  the  cerebellar  hemispheres. 

Porifera — the  phylum  of  animals  that  contains  the  sponges. 

Portal  system — a  system  of  blood  vessels  that  begins  and  ends  in  capillaries. 

Posterior — away  from  the  head  or  front. 

Premolar — a  type  of  tooth  adapted  for  grinding. 

Process — a  projection  on  a  structure. 

Protonepliridial  system — the  excretory  sy.stem  that  has  flame  cells  as  the  filtra- 
tion unit. 

Protoplasm — the   basic    substance   that    composes    all    organisms. 

Protoplast — the  protoplasmic  contents  of  a  cell. 

Protozoa — the  phylum  of  animals  containing  the   single-celled  forms. 

Protein — one  of  the  basic  food  substances  and  also  an  essential  constituent  of 
all  living  organisms. 

Proximal — toward  the  point  of  attachment  to  the  main  body  mass. 

Pseudocoel — a  body  cavity  not  lined  by  peritoneum. 

Pseudopodium — a  protoplasmic   extension   from   the   main   mass   of  the   cell. 

Pulmonary — pertaining  to  the  lungs. 

Pylorus — the  muscular  valve  separating  the  stomach  from  the  small  intestine. 
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R 


Radial   symmetry — symmetry   of   an   animal    that    is    cylindrical    in    shape    with 

the  parts  arranged  along  a  longitudinal  axis. 
Receptor — a  sense  organ. 
Recessive — in  genetics,  that  member  of  a  pair  of  factors,  which,  when  both  are 

present,  is  masked  by  the  other. 
Reflex — an  involuntary  act. 
Retina — sensitive  layer  of  the  eye. 
Reticulum — a  network. 
Rh  factor — an  antigen  found  in  some  red  blood  cells. 


Sagittal  plane — a  plane  dividing  the  body  into  right  and  left  halves. 

Saliva — the  digestive  secretion  of  the   salivary  gland. 

Saprozoic — feeding  on  food  that  is  partially  or  fully  dissolved. 

Sarcoplasm — the  substance  between  the  fibrillae  of  muscle  fibers. 

Scrotum — in  most  mammals,  the  external  pouch  that  contains  the  testes. 

Sebaceous  glands — glands  of  the  skin  that  secrete  sebum,  a  fatty  material. 

Sebum — the  fatty  secretion  of  the  sebaceous  glands. 

Secretion — product  of  a  gland. 

Sella  turcica — a  small  cavity  at  the  base  of  the  skull  in  which  the  pituitary  gland 
lies. 

Seminiferous — producing  sperm. 

Sensory — pertaining  to  the  sense  organs ;  carrying  nerve  impulses  from  the  sense 
organs  to  the  central  nervous  system. 

Sere — in  ecology,  all  the  developmental  stages  leading  to  and  including  the  climax 
of  a  successional  series. 

Serous  membrane — a  type  of  thin  membrane  such  as  the  peritoneum  and  peri- 
cardium. 

Sesamoid  bone — a  bone  developed  where  friction  is  excessive,  usually  in  ten- 
dons or  muscles. 

Sinus — a  cavity. 

Skeleton — the  supporting  framework  of  an  animal. 

Skull — the  skeleton  of  the  head  of  a  vertebrate  that  protects  the  brain  and 
some  sense  organs  and  supports  the  jaws. 

Species — a  division  of  a  genus  in  the  classification  of  animals,  comprising  a  group 
of  individuals  which  ordinarily  interbreed  and  have  a  number  of  characters 
in  common. 

Sperm — the  male  gamete. 

Spermatogenesis — the  process  by  which  the  sperm  is  formed. 

Sphincter — a  muscle  surrounding  a  circular  opening. 

Splanchnic — pertaining  to  the  viscera. 

Spore — resistant  reproductive  body  of  some  protozoans. 

Stomach — a  digestive  organ. 

Sternum — the  breast  bone. 

Stimulus— any  environmental  change  that  is  able  to  influence  the  activity  of 
organisms. 
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Submucosa — the  layer  of  connective  tissue  under  a  mucosal  layer. 

Suture — the  line  of  junction  of  bones  in  an  immovable  articulation   such  as   in 

the  skull. 
Symbiosis — an  association  between  two  organisms  in  a  manner  that  is  beneficial 

to  both. 
Symmetry — the  arrangement  of  parts. 

Sympathetic — a  physiological  division  of  the  autonomic  nervous  system. 
Symphysis — a  union  of  two  bones  by  means  of  cartilage. 
Synapse — the  junction  of  two  neurons  where  a  nerve  impulse  passes  from  one 

neuron  to  another. 
Synapsis — the  union  of  pairs  of  homologous  chromosomes  during  the  first  division 

of  meiosis. 
Synarthrosis — an   immovable  articulation   of  two   bones. 
Synergist — a  muscle  which  acts  in  cooperation  with  another  to  produce  a  move- 

nient. 
Syngamy — union  of  gametes. 

Syrinx — modification  of  the  trachea  in  birds  to  produce  the  vocal  organ. 
Systematics — the  study  of  classification. 
Systole — contraction  of  the  heart. 


Taxonomy — the  study  of  classification. 

Tendon — a  tough  cord  of  connective  tissue  that  connects  a  muscle  to  another  part. 

Test — an  external  shell. 

Testis — the  male  gonad. 

Tetanus — state  of  a  muscle  in  continued  contraction. 

Tetrad — a  grouping  of  four  chromosomes  found  in  the  first  meiotic  division. 

Thalamus — a  portion  of  the  brain,  being  a  subdivision  of  the  diencephalon. 

Thermocline — the    region    of    most    rapid    temperature    change    in    a    thermally 

stratified  lake. 
Thoracic  cavity — the  chest  cavity. 

Thrombus — a  blood  clot   floating  in  the  blood   stream. 
Tissue — a  group  of  similar  cells  performing  a  specialized  function. 
Trachea — the  windpipe. 
Transverse  plane — a  plane  crossing  the  long  axis  of  the  body  and  at  right  angles 

to  both  the  median  and  frontal   plane. 
Triploblastic — with  three  germ  layers. 

Trochophore — larva    of    certain  marine  annelids  and  related  forms. 
Trophozoite — one  of  the  growth  stages  of  a  sporozoan. 
Tuberosity — a  prominence. 
Tunica — a  layer  of  tissue. 

U 

Unguis — a  claw,  nail,  or  hoof. 


Glossary         683 


Vacuole — a  cavity  in  the  cytoplasm  of  the  cell  which  is  filled  with  fluids. 

Valve — a   structure   for   closing   a   passageway   or   opening. 

Vein — a  blood  vessel  which  returns  blood  toward  the  heart. 

Ventral — away  from  the  back;  opposite  to  dorsal. 

Venuole — a  small  vein. 

Ventricle — a  cavity  in  an  organ. 

Vermis— the  median  part  of  the  cerebellum. 

Vertebra — one  of  the  individual  bones  forming  the  spinal  column. 

Villus — a  small  fingerlike  vascular  process. 

Viscera^the  organs  of  the  coelomic  cavity. 

Visceral   skeleton — that    portion    of    the    vertebrate    skeleton    derived    from    the 

primitive  gill  arches. 
Viviparous — producing  living  young. 
Vitamin — an  essential  food  substance  that  the  body  is  unable  to  synthesize. 

Z 

Zoogeography — the  study  of  the  geographical  distribution  of  animals. 
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Aardvark,  630,  62,2,  638-639 

Abalone,  471 

Abdomen,  of  arthropods,  488 

of  Cambarus,  492 

of  spider,  511 
Abdominal  cavity,  129 
Abomasum,  132,  133 
Aboral  end,  of  Hydra,  387 

of  ctenophore,  399,  542,  545 

of  echinoderm,  542,  545 
Abyssal-benthic  zone,  664,  666-667 
Acanthocephala,  347,  443-445 
Acanthocephalus,  444 
Acarina,  514,  515,  516 
Accelerator  nerve,  206,  207 
Accommodation  of  eye,  217,  219 
Acellular  animals,  349 
Acetabulum,  of  frog,  58 

of  mammal,  110 
Acetylcholine,  207,  232 

esterase,  207 
Achirus,  590 
Aciculus,  451 
Acid,  29,  30 

amino,  32,  138.  228 

carbonic,  160,  186 

fatty,  138 

hydrochloric,  138 

lactic,  121,  126,  153 

phosphoric,  120 

uric,  186 
Acid-base  balance,  160 
Acidosis,  238 

Acipenser,  569,  582,  590,  598 
Acipenseroidei,  590 
Acoela,  409,  645 
Acoelomate,  346,  347,  402,  422 
Acontium,  396 
Acorn    barnacle    {see    Balanus),    489, 

507 
Acorn  worm  {see  Enteropneusta),  348, 

556-558 
Acquired  characters,  Z22,  326 
Acris,  596,  599 
Acromegaly,  244 
Acropora,  397 
ACTH.  245 
Actin.  121 

Actinopterygii,  568.  569,  582,  590 
Actinosphaerium,  361 


Actomyosin,  121 

Addison's  disease,  236 

Adductor,  472 

Adenosine  diphosphate  (ADP),  120 

Adenosine  triphosphate  (ATP),  120 

Adhesive  gland,  564 

Adrenal  artery,  167,  168 

cortex,  235-237,  668 

gland,  of  frog,  72,  li 
of  mammal,  18,  233-237 

medulla,  207,  234 

vein,  169 
Adrenalin,  234 
Adrenaline,  234 
Adrenocorticotropic   factor    (ACTH), 

245 
Adult  insect,  520 
Aeolosoma,  449,  461 
Aepyornithiformcs,  625 
Aerobic  reaction,  121,  122 
Aestivation,  649 
Afferent  blood  vessel,  188 

nerve,  203 

neuron,  195,  196,  209 
African  eyeworm  {see  Loa),  437 
Afterbirth,  292 
Agglutination,  180-181 
Agglutinin,  180.  181 
Agglutinogen,  180,  181 
Agkistrodon,  609 
Agnatha,  567,  570-575 

characteristics,  570 

divisions  of  class,  570-571 
Air,  bladder,  582,  586 

complemental,  156 

composition,  153,  155 

passage,  149 

pressure,  155,  221 

residual.  156 

sac,  152,  153 

supplemental,  156 

tidal,  156 
Albatross,  625 
Albino,  75,  312,  318 
Alder  fly,  539 
Allantois,  291 
Allele.  302 

multiple,  307 
Allelomorph.  300,  302 
Alligator.  46,  149,  567,  603,  610,  611, 
613 
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Allosaurus,  614 
All-or-none  law,  125,  173,  208 
Alosa,  590 
Alouatta,  630,  635 
Altitude,  157 
Altricial  birds,  621 
Alveolus,  62,  149,  153,  156 
Alytes,  596,  599 
Amblyopsis  speleus,  590 
Ambulacral  groove,  543,  545,  551,  553 
Ambystoma,  567,  596,  597 
A-mbystomidae,  596 
Ameiurus,  590 
Ametabola,  520 
Amia,  569,  582,  590 
Amino  acid,  32,  138,  228 
Amioidea,  590 
Amitosis,  272 
Ammocoetes,  573 
Ammonia,  186,  191,  320 
Amnion,  290-291 
Amniote,  290 
Amniotic  cavity,  285 
fluid,  290 
sac,  290 
Amoeba,  352 

proteus,  359-361 
Amoebic  dysentery,  362 
Amoebocyte,  376,  458,   519,   525,   543, 

546,  552 
Amoeboid  movement,  177,  359,  363 
Amphibia,  595,  601  (see  also  Frog) 
biology,  597-601 
characteristics,  595-596 
circulation,  161,  166 
classification,  46,  47,   559,   561,   567, 

596 
embryology,  281 
endocrines,  247 
integument,  77,  78,  82 
nervous  system,  195 
origin  of,  568,  569 
respiration,  148,  149 
sense  organs,  219 
urinary  system,  185 
Amphiblastula,  380 
Amphineura,  468-469 
Amphioxus,  564-566 
classification,  561 
egg,  283 

embryology,  280-282 
Amphipod,  507 
Amphitrite,  449,  454 
Amphiuma,  596,  598 
Amphiumidae,  596 
Ampulla,  223,  224 

of  echinoderm,  543,  546 
Amyda,  605,  606 
Amylase,  139 


Anabolism,  24,  127 
Anaconda,  610 
Anaerobiasis,  154 
Anaerobic  reaction,  121,  122 

process,  153 
Anal  canal,  135 
plate,  523 
pore,  398,  400 
vesicle,  464 
Analogy,  112,  323 
Anaphase,  271 
Anapsida,  603 
Anastomosis,  171 
Anatomical  terms,  51 
Anatomy,  21 

comparative,  323 
Anchitherium,  333 
Ancylostoma   braziliense,  434 

duodenale,  432,  434 
Androgenic  hormones,  241 
Anemia,  178 
Angler  fish,  589,  590 
Anguilla,  587,  589,  590 
Anguina,  430 
Angulosplenial  bone,  57 
Ani,  625 
Animal  kingdom,  44,  344-348 

pole,  280 
Anion,  27 
Ankle,  110 
Ankylosaurus,  614 

Annelida,  45,  446-465  (see  also  Earth- 
worm) 
characteristics,  446-449 
classes,  449 
classification,  348 
circulation,  159 
nervous  system,  192 
respiration,  147,  148 
Annulus  ventralis,  504 
Anodonta,  472-476 
anatomy,  472-475 
circulation,  473-474 
life  history,  475-476 
Anolis,  607 
Anopheles,  365 
Anoplura,  539 
Anostraca,  506 
Anseriformes,  625 
Ant,  533-534,  539 
Ant  lion,  539 

Antagonistic  group  of  muscles,  68,  118 
Anteater,  130,  630,  635 
Antedon,  544,  553 
Antelope,  88,  640 

Antenna,  of  Cambarus.  495,  496,  498 
of  insects,  212,  519,  522 
of  Peripatus,  490 
Antennule,  495,  496,  498 
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Anterior,  51,  52 

chamber  of  eye,  215,  217 

lobe  of  pituitary,   72,  243,   244-247, 
255 
Anthozoa,  386,  395-397 
Antibody,  160,  178,  181,  325 
Anticoagulant,  180 
Antigen,  182,  325 
Antiprothrombin,  180 
Antlers,  88,  111 
Anura,  596,  598-601 
Anus,  of  frog,  52,  61 

of  insect,  519,  523 

of  Paramecium,  369 

of  vertebrate,  128,  135 
Anvil  (see  incus),  220,  221,  222 
Aorta,  64,  162,  165 
Aortic  arches,  164-166 
Ape,  85,  256 
Aphid,  539 
Aphrodite,  454 
Apis,  534-535 
Apoda,  596,  601 
Apodes,  590 
Apopyle,  379 

Appendage,  of  Cambarus,  495,  496,  498, 
499 

of  vertebrate,  52,  108 
Appendicitis,  178 

Appendicular  skeleton,  58,  108-110 
Appendicularia,  561 
Appendix,  vermiform,  129,  134 
Apterygiformes,  625 
Apterygota,  536,  538 
Aquatic  animals,  104,  153 
Aqueduct,  70,  201 
Aqueous  humor,  217 
Arachnida,  348,  489,  511-516 
Arachnoid  layer,  201 
Arachnology,  21 

Araneae,  511-513  «• 

Arbacia.  544,  550,  553 
Arbor  vitae,  200 
Arcella,  361 

Archaeopterygiformes,  623 
Archaeopteryx,  615,  617,  623 
Archaeornis,  615,  617,  623 
Archaeornithes,  617,  623 
Archenteron,  282,  645 
Archeocyte,  376 
Archeozoic  era,  343 
Archiannelida,  449,  450 
Archibenthic  zone,  664,  666 
Architeuthis,  480,  481 
Archosauria,  603,  612,  613 
Arctic  tern,  622 
Areola,  495 
Argonaut,  477,  481 
Argonauta,  481 


Argulus,  506 
Aristotle,  41,  278 
Aristotle's  lantern,  550 
Arm,  of  octopus,  480 

of  starfish,  212 

of  vertebrate,    109 
Armadillium,  507 
Armadillo,  76,  85,  630,  632,  635 
Army  ant,  534 
Arrow  worm  (see  Sagitta),  348,  554- 

556 
Arterial  system,  of  frog.  64-66 

of  mammal,  164-168 
Arteriole,  166,  168 

afferent,  188 

efferent,  188 
Arteriosclerosis,  239 
Artery,  64,  161 

adrenal,  168 

aorta,  64,  162,  165 

carotid,  64,  65,  166,  167 

caudal,  167 

coeHac,  65,  168 

coeliaco-mesenteric,  65 

coronary,  166 

gastric,  65,  167 

genital,  168 

hepatic,  167 

histology,  169-170 

iliac,  66,  167 

iliolumbar,  168 

innominate,  166 

intercostal,  167 

mesenteric,  65,  168 

phrenic,  168 

pulmo-cutaneous,  64 

puhnonary,  65,  162,  164,  166 

renal,  168 

sciatic,  66 

splenic,  167 

subclavian,  65,  166,  167 
Arthritis,  237 
Arthrobranch,  50 
Arthropoda,  486-517,  518-540,  646 

characteristics,  487-489 

classes  of,  489-490 

classification,  45,  348 

digestive  system,  127 

nervous  system,  193 
Artiodactyla,  630,  640 
Ascaphus,  596,  601 
Ascaris,  430-432 

chromosome  number,  272 

fertilization,  276,  277 
Aschelminthes,  438 
Ascidiacea,  561 
A scon,  377 
Asellus,  507 
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Asexual  reproduction,  252,  253 
binary  fission,  252,  351,  369 
budding,  252,  351,  387,  388 
multiple  fission,  252,  351 
regeneration,  253 
transverse  fission,  449 

Association,  653,  657,  659 

Association  neuron,  195,  209 

Associes,  657,  658,  659 

Astacus,  502,  507 

Aster,  271 

Asterias,  544-549 
anatomy,  544-547 
biology,  548-549 
life  history,  547-548 

Asteroidea,  544-549 

Asthma,  234 

Astigmatism,  219 

Astragulus  bone,  110 

Astral  rays,  271 

Asymmetrical  animal,  345 

Ateles,  635 

Atlas,  105 

Atom,  25 

Atomic  number,  26 
weight,  26 

Atrial  cavity,  562,  565 
pore,  564,  566 

Atrium  of  heart  (sec  Auricle) 

Auditory  mechanism,  220-223 

Auditory  nerve,  200,  205 

Augmentation,  206 

Auk,  625 

Aurellia,  386,  394-395 

Auricle  of  heart,  63,  161,  162,  163,  165 
171,  172,  193,  214 

Auricular-ventricular  node,  172 
valve,  63,  163 

Auricularia,  550,  552 
Australopithecus,  641 
Autogamy,  370 

Autonomic  nervous  system,   194    206- 
207 
of  frog,  69,  71 
ganglia,  204 
Autosome,  308 
Autotomy,  505 
Autotrophic,  321 
Aves,  46,  567,  614-625  (sec  also  Bird) 

characteristics.  615-617 

orders,  623-625 
Avicularium,  483 
Axial  gradient  theory,  408 

skeleton,  55-57,  100-108 
Axis,  106 

of  egg,  293 
Axolotl,  231,  597 
Axon,  194 


Axopod,  362 
Azygos  vein,  168 


B 


Babesia,  367 
Baboon,  635 
Backbone  (see  vertebral  column),  57, 

104-105,  566 
Backswimmer,  539 
Bacon,  Roger,  265 
Balance,  221,  223,  224 
Balantidium,  373 
Balanus,  489,  507 
Barbet,  625 

Barnacle,  489,  506-507,  508 
Barriers,  337-338 

Basal  body  (see  blepharoplast),  353 
Basal  disc  of  hydra,  387,  388 
Base,  29,  30 

Basilar  membrane,  222,  223 
Basipodite,  495 
Basket    star    (see    Gorgonocephalus), 

544,  549,  553 
Basking  shark,  576,  580 
Basophil,  177,  178 
Bat,  78,  256,  264,  628,  630,  632.  634 
Bath  sponge  (see  Spongia),  379,  381 
Batoidea,  576 
Bdelloura,  409 
Beaded  lizard,  607 
Beagle,  voyage  of,  322 
Bear,  638 

Beaver,  85,  630,  637 
Bedbug,  536.  539 
Bee,  518,  530,  531,  534,  535,  539 
Beef  tapeworm  (sec  Taenia  saginata), 

418 
Beetle,  536,  539 

as  intermediate  host,  445 
Behavior,  bird,  617,  620-621 
frog,  48-51,  73 

sex,  240,  241,  242,  250,  254.  513 
Bell  toad  (sec  Ascaphus),  596,  601 
Benthos,  660 
Beriberi,  146 
Bichat,  266 

Bichir.  569,  582,  589,  590 
Bicuspid  valve,  162,  163,  164 
Bilateral  symmetry,  345.  402 
Bilaterality,  origin  of,  645 
Bilateria,  347,  401 
Bile,  137,  138 
duct,  62,  137 
pigments.  139,  177 
salts,  138 
Bilharziasis,  415 
Bill  of  birds,  616.  617.  618,  619 
Binary  fission,  252,  351,  369 
Binomial  nomenclature,  42 
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Biochemical  genetics,  316 
Biochemistry,  20 
Biogenetic  law,  508,  647 
Biogenesis,  320 
Biology,  19-20 
Biome,  651-657 
Biophysics,  20 
Biotic  factors,  651 
Bipinnaria,  547,  550 
Bipolar  nerve,  384 
Biradial  symmetry,  345 
Biramous  appendages,  492 
Bird,  614-625,  649,  650 
biology,  617-623 
classification,  45,  46,  259,   561,   567, 

617 
circulatory    system,    162,    164,    165, 

166 
digestive  system,  130,  131,  133 
economic  importance,  623 
egg,  268 

embryology,  281,  284,  290-291 
integument,  71,  78,  79,  82,  85,  88-90, 

91 
nervous  system,  197,  220 
origin,  613 

respiratory  system,  148,  151 
reproductive  system,  241 
sex  determination,  310 
skeleton,  109,  112 
urinary  system,  185,  186 
Bird  lice,  538 
Bird  of  paradise,  621 
Bispira,  454 
Bittium,  476 
Bivalve,  471 
Bivium,  545 
Black  bass,  590 
Black  fly,  437 
Black  snake,  608 
Black  widow  spider  {see  Latrodectus), 

512.  515 
Blackhead,  81 

Bladder,   gall,  60,   129,   137,    140,    141, 
142 
urinary,  61,  187,  191 
worm,  418 
Blarina,  630,  632,  634 
Blastocoel,  280,  345,  346 
Blastocyst,  285 
Blastoderm,  280 
Blastomere,  280,  293 
Blastopore,  282,  294,  559 
Blastostyle,  391 
Blastula,  280,  356.  644 
Blepharoplast,  353 
Blind  spot,  215,  218 
Blood,  68,  176-182 
calcium,  232,  233 


Blood— Cont'd 

cell  formation,  93 

cells,  179,  181 

clotting,  146,  178,  179-180 

coagulability,  234 

fluke  (see  schistosome),  415 

formed  elements,  176-178 

of  frog,  68 

gas,  178 

liquid  portion,  178-179 

plasma,  178-179 

pressure,  174-175,  247 

sugar,  234,  238,  239 

types,  180-181,  307 

vessels  (see  Artery,  Vein,  or  Capil- 
lary) 
Blowhole,  637 
Blubber,  76 
Boa  constrictor,  610 
Body,  cavity,  128,  345-346 

disc,  553 

of  epididymis,  257 

fluid,  186 

stalk,  285 

of  vertebra,  105 

wall,  155,  204 
Bolas  spider,  513 
Bombyx  mori,  535 
Bone,  38,  95-97 

building,  232 

compact,  95 

destroying,  232 

frontal,  215,  216 

malar,  215 

maxilla,  215 

membrane,  99 

miscellaneous.  111 

shaft,  98 

spongy,  95 

temporal,  221 
Bony  labyrinth,  221,  223 
Booby,  625 

Book  lungs,  488,  510,  512 
Bos  (see  Cattle) 
Bot  fly,  518,  540 
Botany,  20 
Bothrops,  610 
Bowfin,  569,  582,  590 
Bowman's  capsule,  185,  188,  189,  190 
Box  turtle,  605 
Brachial  plexus,  204 
Brachiolaria,  548 
Brachiopoda,  348,  484 
Brain,  of  frogs,  69,  70 

of  lamprey,  572 

of  perch,  586 

of  Squalus,  579 

of  vertebrate,  192,  193,  194,  196-202, 
566 
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Brain — Cont'd 

waves,  210,  211 
Branchial  basket,  572 

filament,  586 

sac,  562 
Branchiobdellidae,  462 
Branchiocardiac  groove,  495 
Branchiopoda,  505,  506 
Branchiostegite,  495 
Branchiostoma,  561,  564-566 
Breastbone  {see  Sternum) 
Brevicipitidae,  596 
Bridge,  604 
Bristletail,  536 
Brittle  star,  544,  549,  553 
Broad  ligament,  261 
Bronchiole,  149,  151 
Bronchitis,  158 
Bronchus,  63,  149,  151,  152 
Brontosaurus,  604,  614 
Brood  chamber,  475 
Brook  lamprey,  571,  575 
Broom,  641 
Brown  mass,  483 
Brown,  Robert,  33,  266 
Brownian  movement,  33,  266 
Bryozoa,  348,  482-484 
Buccal  cavity,  53 

funnel,  570,  571 
Buccinum,  476 
Budding,  252,  351,  387,  388 
Buffer,  160 
Buffon,  321 
Bufo,  567,  596,  599 
Bufonidae,  596,  599 
Bug,  true,  539 
Bugula,  482-483 
Bull  snake,  608 
Bulla,  tympanic,  103 
Bullfrog  (see  Rana  catesbeiana) 
Bullhead,  590 
Bungarus,  610 
Bursa,  112 
Bushmaster,  610 
Busycon,  476 
Butterfly,  531,  540 

intersex,  309 

sex  determination,  310 
Byssus  thread,  475,  476 
By-the-wind  sailor  (see  Velella) ,  397 


Caddis  fly,  540 
Caecilians,  596,  601 
Caecum,  129,  134,  135,  139 
Caenagnathiformes,  623 
Caenagnathus,  623 
Caiman,  610,  611 
Calabar  swelling,  437 


Calcaneum,  110 
Calcarea,  381 
Calciferous  gland,  456 
Calcium,  26,  29,  35,  93,  94,   120,   145, 
146,    179,   180,  230,  231,   232, 
269,  650 

metabolism  of,  231-232,  250 
Calorie,  144 
Calyx,  445,  553 
Cambarincola,  462 
Cambarus,  489,  492-505,  507 

appendages,  495,  496,  498,  499 

biology,  505 

external  anatomy.  492-496 

internal  anatomy,  497-504 

life  history,  504 

regeneration,  505 
Cambrian  period,  343,  484,  509,  560 
Camel,  256,  630,  640 
Camelus,  630 
Campodeid,  538 
Canada  lynx, 668 
Canal,  central,  70,  202,  203 

cochlear,  221,  222 

external  auditory,  220,  221 

neural,  105 

radial,  393 

ring,  393 

semicircular,  200,  220,  221,  223,  224 

system,  377 

tympanic,  221,  222 

vestibular,  221,  222 
Canalicule,  96,  97 
Cancer,  229,  272 

crab,  507 
Canine,  87,  88,  130 
Canis,  630 
Capacity,  vital,  156 
Capillary,  66,  161,  175 

histology.  170,  171 

lymph,  182 
Caprimulgiformes,  625 
Captorhinus,  601,  602,  603 
Carapace,  crustacean,  492 

of  turtle,  604 
Carbohydrate,  31,  128,  145,  237,  238 

absorption,  235 

formation,  235 

metabolism,  235,  238,  247 

storage,  235 

tolerance,  239 

utilization,  235 
Carbon    dioxide,    145,    147,    153,    155, 

239 
Carbonic  acid,  160,  186 
Carboniferous    period,    343,    595,    601, 

612,  626 
Carcharodon,  576,  580 
Carchesium,  373 
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Cardiac  muscle,  58,  117,  124,  173 

sphincter,  132,  142 

stomach,  61 

valve,  132 
Cardinal,  622,  624 
Caretta,  605,  606 
Carnivora,  87,  130,  134,  292,  628,  638 

classification,  630 

parasites  of,  462 

as  secondary  hosts,  420 
Carnivorous,  144,  240 
Carotene,  146,  236 
Carotid  artery,  64,  65,  166,  167 

gland,  66 

sinus,  214 
Carotin,  487 

Carp  (sec  Cyprinus),  567,  590 
Carpals,  56.  58,  101 
Carpet  beetle,  536 
Cartilage,  94-95,  97,  98,  110 

cricoid,  152 

elastic,  95 

fibrous,  95 

hyaline,  94-95 

thyroid,  150,  151,  152 
Cassowary,  623 
Caste,  532,  533 
Castor,  630 
Castration,  241 
Casuariiformes,  623 
Cat,  81,  88.  91.  104,  107,  109,  111.  144. 
167,  188,  197,  231,  630,  638 

inheritance  in,  310 

parasites  of,  430 

reproduction,  256,  263 
Catabolism,  24.  127 
Catalyst.  32,  146 
Cation,  27,  186.  208 
Catostomus,  590 
Cattle,  87,  88,  111,  144,  238,  630,  640 

abortion  in,  357 

inheritance  in,  300 

as  intermediate  host,  418,  420 

parasites  of,  367,  411,  430,  518 
Caudal  artery,  167 

tuft,  368 

vein,  168 

vertebrae,  105,  107 
Cave,  335 

fish,  590 
Cavity,  abdominal,  129 

body,  128,  345-346 

central,  159 

chest,  155,  162 

cranial,  220 

glenoid,  113 

mediastinum,  153 

mouth,  214 

nasal,  214 


Cavity — Cont'd 

pleural,  153 

thoracic,  129 
Cell,  265-277 

blood,  179 

constancy,  440 

division,  270-275 

flame,  403,  406 

germ,  260 

hair,  222,  227 

inclusions,  268 

interstitial,  240,  241,  242,  250,  255 

membrane,  159,  184,  235,  267,  269 

nerve,  192,  194,  195,  199 

permeability.  145,  232,  269 

physiology,  225 

pigment,  216 

removal,  177 

sex,  255,  279 

size,  36 

somatic,  279 

structure,  267-269 

theory,  265,  266 
Cement,  86 

gland,  440.  444 
Cementing  lines.  96,  97 
Cenozoic  era,  342 
Centipede,  490,  515,  516,  517 
Central  canal,  70,  202,  203 

disc,  545 

nervous  system,  192,  196-203 
Centriole,  269.  270 
Centrosome,  269 
Centrosphere,  269 
Centrum,  57,  105,  106,  107 
Cephalin,  179 

Cephalization,  402.  467,  566 
Cephalochordata.  561,  564-566 
Cephalopoda,  468,  477-482 
Cephalothorax,  488 

of  Cambarus,  492 

of  spider,  511 
Ceratium,  358 
Cercaria.  411,  413 
Cercus,  523 

Cerebellum,  69,  199-201 
Cerebral  hemisphere    (Sec  Cerebrum) 
Cerebrospinal  fluid,  70,  201,  202 
Cerebratulus,  422 
Cerebrum,  69,  197,  198,  199,  200 

cortex  of,  197,  198 
Cervical  curvature,   104 

groove,  104 

nerves,  204 

plexus,  204 

vertebra,  105,  204 
Cervix,  261 
Cestoda,  404,  416-420 
Cestum,  398,  399 
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Cetacea,  630,  637-638 
Cetorhinus,  576,  580 
Chaetogaster,  449,  461 
Chaetognatha,  348,  554-556 
Chaetonotus,  442 
Chaetopterus,  449,  454 
Chalcid  wasp,  531 
Chalina,  382 
Chamber,  anterior,  215 

posterior,  215 

of  vitreous  humor,  215,  217 
Chambered  nautilus,  468,  477,  481,  482 
Chameleon,  607 
Characin,  590 
Charadriiformes,  625 
Cheek,  130 
Chelicera,  510,  512 
Cheliped,  495,  496.  498 
Chelonia,  603,  604-606 
Chelonidae,  606 
Chelydra,  605,  606 
Chemical  change  in  muscles,  120 
in  nerves,  208 

receptors,  214 
Chemistry,  25-35 
Chest  cavity,  155,  162 

muscles,  154 
Chewing  lice,  538 
Chiasma,  131 
Chigger,  516 
Chilomastix,  357 
Chiloplacus,  426,  427-429 
Chilopoda,  490,  516-517 
Chimaera,  567,  576,  580,  581 
Chimaerae,  576 
Chimpanzee,  635 
Chinch  bug,  539 
Chiroptera,  630,  634 
Chiton,  466,  468-469,  476,  487 
Chloragogen  cell,  457 
Chlorohydra,  386,  389 
Chlorophyll,  354 
Chloroplast,  354 
Choanichthyes,  568,  583,  591 
Choanocyte,  376,  379 
Cholecystokinin.  140,  141,  142,  248 
Cholesterol,  236 
Choloepus,  630 
Chondrichthyes,  46,  547,  568,   575-581 

characteristics  of,  575-576 

classification,  576 
Chondriosome.  268 
Chondrostei,  569,  582,  590 
Chordae  tendineae,  63,  162,  163 
Chordata,    44,   45,    104,   556,    559-591, 
592-625,  626-643,  646,  647 
characteristics  of,  560-561 
classification,  348 
subphyla  of,  561 


Chorion,  290-291 

of  insect  egg,  520,  527 
Chorionic  gonadotropin,  242 
Choroid  coat,  215,  216 

plexus,  71,  201 
Chromatid,  271 
Chromatin,  267,  268,  270,  272 
Chromatophore,  55,  82,  354,  479 
Chromonema,  267,  268,  270 
Chromosomal  map,  314-315 
Chromosome,  268-277 

giant,  314 

homologous  pairs,  301 

maternal,  274 

number,  272 

paternal,  274 

sex,  308 
Chrysemys,  605,  606 
Chyme,  141 
Cicada,  539 
Cichlid,  590 
Ciconiiformes,  625 
Cilia,  36,  150,  152,  192,  223,  224 

in  ciliates,  368,  369 

in  protozoans,  350,  352 

in  rotifers,  438,  439 

in  starfish,  542 
Ciliary  body,  215,  216,  217 

muscles,  218 

plates,  398 
Ciliata,  352,  367-373 

nervous  system,  192 

reproduction,  253 
Ciliophora,  353 
Ciona,  561 

Circulatory  system,  Cambarus,  497,  501 
closed,  159,  421,  448 
of  Enteropneusta,  557 
of  frog,  63-69 
of  insect,  519,  525 
of  perch,  586 
of  shark,  577,  579 
of  vertebrate,  159-183,  629 
Circumesophageal  commissure,  502 
Circumpharyngeal  connective,  459 
Cirripedia,  506,  507 
Cirrus,  of  Branchiostoma,  565 

of  crinoid,  553 

of  fluke,  413 

of  Neanthes,  450 

of  tapeworm,  417 
Cisco.  574 
Cladoceran,  506 

Clam,  45,  92,  348,  466,  468,  472-476 
Clamworm   (see  Neanthes),  449,  450- 

453 
Clasper,  576 
Class,  44 

Classification,  41-46,  325 
Clavicle,  58,  101,  109 
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Claw,  83,  85 
Cleavage,  280,  356,  644 

determinate,  293 

holoblastic,  283 

indeterminate,  294,  542 

meroblastic,  284 
Climax,  657,  658 
Clione,  476 

Clitellum,  455,  459,  460 
Clitoris,  261 
Cloaca,  61 
Clonorchis  sinensis    (see  Opisthorchis 

sinensis),  411-414 
Clot,  179 

Clothes  moth,  536 
Clotting  of  blood,  146,  178,  179-180 
Clupea,  588,  590 
Clypeus,  521,  522 
Cnidaria  (see  Coelenterata) 
Cnidoblast.  384 
Cnidocil,  385 
Coaction,  651 

Coagulability  of  blood,  234 
Coat,  choroid,  215,  216 

fibrous,  216 

nervous,  216 

retina,  215,  216 

sclerotic,  215,  216 

vascular,  216 
Cobb,  423,  430 
Cobra,  610 
Coccidia,  363-364 
Coccidiosis,  364 
Coccygeal  nerve,  204 
Coccyx,  107 
Cochlea,  220,  221,  222,  223 

canal,  221,  222 
Cockroach,  536,  538 
Cocoon,  of  earthworm,  460 

of  insect,  519 

of  lungfish,  592 

of  spider,  513 
Codfish,  588,  590 
Coeciliidae,  596 
Coelacanth,  569 
Coelenterata,  45.  347,  383-397,  645 

circulation,  159 

nervous  system,  192 

reproduction,  252,  255 
Coeliac  artery,  65,  168 
Coeliaco-mesenteric  arterv,  65 
Coelom,    60,    61,    128,    282,    288,    346, 

446,  542 
Coelomate,  346,  348 
Coeloptera,  539 
Coenosarc,  391 
Cold,  157,  158,  213 
Colie,  625 
Coliiformes,  625 
Collagen,  37 


Collagenous  fibers,  37 
Collar,  of  bryozoan,  483 
of  Enteropneusta,  556 
of  squid,  478 
Collar    cells    (see   choanocytes),    376, 

379 
Collecting  tubule,  188 
CoUembola,  536 
Collencyte,  376 
Colloid,  33 

Colloidal  particles,  33 
Colon,  129,  135,  143,  169 
Colony  formation,  355,  356 
Color  blindness,  309,  318 
skin,  82 

inheritance  of,  306 
Coluber,  608 
Colubridae,  608 
Columbiformes,  625 
Colymbiformes,  625 
Comb  jelly  (see  Ctenophora),  45,  347, 

397-400,  645 
Commensalism,  350,  351 
Commissure,  201,  474 
Common  ray,  576,  580 
Community,  651 
Compleniental  air,  156 
Complementary  factors,  305-306 
Compound,  27,  28 
eye  of  Cambarus,  503 

of  insects,  212,  519,  522,  526 
Conchae,  150 
Conditioned  reflex,  210 
Condyle,  99,  109,  110 
occipital,  102,  105 
Cones  of  eye,  217,  218 
Coney,  630,  639 

Congo  eel   (see  Amphiuma),  596,  598 
Coniferous  forest,  montane,   561,  653- 
654 

northern,  651,  656 
Conjugation,  253,  351,  352,  370-372 
Conjunctiva,  216 

Connective  tissue,  37-38,  228,  237  (see 
also  Cartilage  and  Bone) 

adipose,  37 

areolar,  37 

elastic,  38 

fibrous,  38 

reticular,  38 
Consciousness,  211 
Conservation,  670-671 

of  bases,  186 
Constriction,  206 
Constrictor,  610 
Continuity    of    germplasm,    theory    of, 

279,  297 
Contractile  vacuole,  354,  360,  369 
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Contraction,  206 

of  heart  muscle,  173 

of  smooth  muscle,  116 
Conus  arteriosus,  161,  162,  164,  165 
Convergence,  335-336 
Convulsion,  232 
Coot,  619,  625 
Copepoda,  419,  506 

as  secondary  host,  419 
Copperhead,  609 
Copulation.  253,  263,  264,  351,  352 

in  earthworm,  459,  460 
Copulatory  organ,  258 

sac,  407 
Coracidium,  419 
Coraciiformes,  625 
Coracoid,  109 

Coral,  45,  92,  347,  386,  395,  397 
Coral  snake,  609 
Coregonus,  588,  590 
Corium  (see  Dermis) 
Cormorant,  619.  625 
Cornea,  215,  216,  217,  219,  502,  503 
Corona,  439 
Coronary  artery,  166 

vein,  169 
Corpora  quadrigemina,  198,  199 
Corpus  allatum,  520 

callosum,  198.  201 

luteum,  242,  250,  260,  262,  263 

striatum,  198,  199 
Corpuscle   (see  Erythrocyte  or  Leuco- 
cyte) 
Corrodentia,  538 
Cortex,  of  adrenal,  235-237,  668 

of  cerebrum.  197.  198 

of  kidney,  187,  188 

of  ovary,  242 
Corticosterone,  236,  242 
Cortin.  235.  236,  241 
Cotton  boll  weevil,  518,  535 
Cottus,  590 
Cotylosauria,  601,  603,  612,   613,  614, 

626 
Cough.  157-158 
Cow,  46,  107,  111,  131,  132,  133,  138, 

292 
Cow  fish,  589,  590 
Cowper's  gland,  258 
Cowrie,  476 
Coxa,  512,  522,  523 
Coxopodite,  495 
Crab,_  249,  492,  508 

as  intermediate  host,  414 

parasites  of,  507 
Crago,  507 
Cramps,  232 
Crane,  625 
Cranial  cavity,  103 

nerves,  71,  194,  204,  205 


Cranium,  101,  102,  103,  197 

of  frog,  55,  56,  57 
Crappie,  590 
Craspedacusta,  386 
Crayfish,  492-505  (see  also  Cambarus) 

chromosome  number,  272 

classification,  45,  489 

commensals  of,  462 

hormones,  249 

secondary  host,  414 
Creatine,  120,  186 
Creatinine,  190 
Creeping  eruption,  434 
Crest  of  birds,  241 

of  ilium,  110 
Cretaceous  period,  342,  482,  569,  627, 

628 
Cretinism,  230 
Cricket,  538 

parasite  of,  443 
Cricket  frog  (see  Acris),  596,  599 
Crinoidea,  45,  544,  553-554 
Crocodile,  46,  67,  603,  610,  611,  613, 

614 
Crocodilia,  603,  613 
Crocodilus,  611 
Cro-Magnon  man,  643 
Crop,  of  bird,  131,  132 

of  earthworm,  456 

of  insect,  519,  523,  524 

of  leech,  462 
Crossing  over,  313-314 
Crossopterygii,  568,  569,  583,  591,  593, 

595 
Crotalus,  609 
Crown  of  tooth,  86 
Crustacea,  492-508,  650 

classification,  348,  489 

endocrine  system,  249 

larval  stages,  508 

reproduction,  253 

respiratory  system,  148 
Cryptobranchidae.  596 
Cryptobranchus,  596,  598 
Cryptorchidism,  257 
Crystalline  body,  502,  503 

lens,  217,  218,  219 

style,  473 
Ctenoid  scale,  84,  583.  587 
Ctenophora,  45,  347,  397-400,  645 
Cuckoo,  621,  625 
Cuculiformes,  625 
Cucumaria,  544 
Cud,  133 

Cumulative  factor,  306 
Curvature,  cervical,  104 

greater,  132,  133 

lesser,  132,  133 

lumbar,  104 
Cutaneous  vein,  64,  66 
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Cuticle,  424,  447,  487 
Cuticulin,  487 
Cuttlefish  (see  Sepia),  481 
Cycle,  abundance,  668 

menstrual,  262-263 

ovarian,  263 

uterine,  263 
Cj'cloid  scale,  84,  587 
Cyclops,  438,  506 
Cyclosis,  369 

Cyclostomata,  46,  568,  570,  571 
Cynocephalus,  78,  630,  632,  634 
Cynognathus,  626 
Cynomys,  630 
Cypraea,  476 
Cyprinus,  567,  590 
Cypris,  506,  508 
Cyst,  of  clam  larva,  475-476 

of  hydra,  389 

of  protozoan,  351 
Cysticercoid,  420 

Cysticercus    (see  bladder  worm),   418 
Cytology,  21 
Cytopharynx,  353,  369 
Cytoplasm,  36,  267,  268-269 
Cytoplasmic  inheritance,  315,  352,  372 
Cytostome,  353,  369 

D 

Daddy  longlegs,  489,  514,  515 

Damsel  fly,  538 

Daphnia,  489,  506 

Dart,  641 

Darwin,   Charles,   320,   321,  322,  326, 

327-328,  337,  461,  668-669 
Darwin,  Erasmus,  322,  326 
Dasyatis,  576,  580,  581 
Dasypus,  630,  632 
Daughter  chromosomes,  271 
Deafness,  221 
Decapoda,  507 
Deciduous  forest,  temperate,  651,  653- 

654 
tropical,  651,  656 
Deer,  81,  85,  111,  132,  630,  640,  670 
Deer   nwuse    (see    Peromyscus),    632, 

636 
Defecation,  144 
Defense  against  disease,  160 
Delphinus,  630 
Demospongiae,  381 
Dendrite,  194,  195,  203 
Dendronotus,  476 
Dendrostoma,  462,  465 
Dentalium,  466.  468,  469,  476 
Dentine,  83,  86,  87 
Depolarization,  208,  209 
Depression,  390 
Dermacentor,  515,  516 


Dermal  bones,  108 
branchiae,  543,  545,  546 
scale,  100 
Dermaptera,  538 
Dermis,  of  frog,  54,  55 

of  mammal,  80,  82 
Dermochelys,  606 
Dermoptera,  630,  634 
Desert,  190,  651,  654-655 
Deuterostomia,  646 
Devil  ray,  576,  580,  581 
Devonian   period,    343,    567,    568,    579, 

594 
De  Vries,  311 
Diabetes  insipidus,  248 

mellitus,  238,  239 
Diadectes,  601,  602,  603 
Diamond-back  terrapin,  605 
Diapause,  520,  521 
Diaphragm,  muscle,  128,  154,  155 

iris,  216,  217 
Diaphysis,  98 
Diarthrosis,  113 
Diastema,  88 
Diastole,  172,  174,  175_ 
Diastolic  pressure,  175 
Diatryma,  625 
Diatrymiformes,  625 
Dibothriocephalus,  418-419 
Didelphis,  292,  628,  629,  632,  633 
Didinium,  373 
Diencephalon,  69,  196,  199 
Diftlugia,  361 
Dififusion,  34,  36,  269 
Digenea,  409 

Digenetic  trematodes,  409 
Digestion,  128 
Digestive  glands,  control,  139-142 

gastric,  135,  141 

intestinal,  136 

juice,  137,  138,  140,  143 

liver,  137,  141 

pancreas,  137,  141,  142 

salivary,  131 
hormones,  141,  142,  248 
system,  40,  127-146 

amphioxus,  565 

clam,  473 

crayfish,  497 

earthworm,  455-457 

frog,  61-62 

insect,  523,  525 

lamprey,  571 

mammal,  127-146 

Neanthes,  452 

Perca,  585 

planaria,  405 

Squalus,  577 

starfish,  547 
tract,  128-137 
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Digger  wasp,  531 

Dihybrid  cross,  303-304 

Dilation,  206 

Dimetrodon,  626 

Dinoflagellate,  356-357 

Dinornithiformes,  625 

Dinosaur,  604,  613.  614,  615.  628 

Dioctophyme.  462 

Dioecious,  253 

Diphycercal  tail,  587 

Diphyletic  theory,  646  _ 

Diphyllobothrium   (see  Dibothnoceph- 

alus),  418-419 
Dipleurula,  544,  554,  560,  646,  647 
Diploblastic,  384 
Diplodinium,  373 
Diplodocus,  614 
Diploid,  272,  273 
Diplopoda,  489,  516 
Diplura,  538 
Dipnoi,  583,  591 
Diptera,  540 

Disaccharide,  31,  139,  140 
Discocephali.  590 
Discoglossidae,  596 
Discolia.  531 
Discorbis,  361 
Disease,  160 

Distribution  of  animals,  337-341 
Divergence,  336 
Division,  cell,  270-275 
equational,  275 
reductional,  275 
Dodson  fly,  539 
Dodo  bird.  340 

Dog,  77,  90,   104,   144.  210.  214,  220, 
231,  238,  630 
chromosome  number,  272 
gestation  period,  292 
parasite,  420.  431.  434.  516 
reproduction,  257,  263 
Dogfish  shark  (see  Squalus),  83,  567, 

576-579,  580 
Dolphin.  630.  638 
Dominant.  298 
Donkey,  151 
Donor,  181 

Dorsal  blood  vessel,  448 
lip,  282,  294 
lumbar  vein,  67 
nerve,  196.  203,  204 
cord,  192,  193,  196 
pore,  455 
Dove.  132.  621,  625 
Draco,  608 
Dracunculus,  437-438 
Dragonfly.  538 
Dreams,  211 
Drone,  534 


Drosophila,  chromosomal  map,  314 
chromosome  number,  272 
classification,  540 
cytoplasmic  inheritance,  315 
experimental  animal,  302 
gene  mutations,  311 
giant  chromosomes,  314-315 
inheritance  in,  307 
larva,  314 

linked  genes,  313-314 
mitosis,  272 
sex  chromosomes,  308 
Duck,  618.  619,  620.  623,  624,  625 
Duckbill  dinosaur,  613,  614 
Duck-billed  platypus,  627,  629,  631,  632 
Duct,  common  bile,  137 
glands,  225 
lymphatic,  169,  183 
naso-lacrimal,  216 
pancreatic,  137,  237 
thoracic,  169,  183 
urinary,  185 
Ductless      glands       (see      Endocrme 

glands) 
Ductus  arteriosus,  164,  166 
Dugesia,  404-408 
Dugong,  630,  632,  639 
Dune  succession,  659 
Duodenum,  61.  62.  134.  142 
Dura  mater,  71,  202,  203 
Dwarf,  230,  244,  318 


Eagle,  620,  624,  625 
Ear,  frog,  56.  71 
mammal.  220-224 
ossicle,  108,  111 
Eardrum    (see   tympanic   membrane), 

220,  221,  222.  526 
Earth   pig    (see   aardvark),   630.   632, 

638-639 
Earthworm  (see  also  Lumbricus) 
circulatory  system.  159 
classification,  45.  348.  446 
as  intermediate  host,  461 
nervous  system.  192 
respiration,  147,  148 
Earwig,  538 
Ecdysis,  487,  488 
Echinarachnius.  544,  551,  553 
Echinococcus,  419-420 
Echinodermata,   45.   541-558.   646.   647 
characteristics,  542-544 
classes,  544 
classification.  348 
Echinoidea.  544,  550-551 
Echiuroidea,  348.  462,  463-465 
Echiurus.  348.  462,  464 
Ecology,  21,  648-671 
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Ecotone,  652 
Ectoderm,  282,  287-288 
Ectoplasm,  359,  368 
Edentata,  630,  635 
Eel,  587,  589,  590 
Eelworm  (see  Anguina),  430 
Effector,  193,  209 
Efferent  blood  vessel,  188 

nerve,  203,  205 
process,  194,  196 

neuron,  203,  209 
Egg,  252,  253,  275 

Ascaris,  431 

bird,  284 

crayfish,  504 

fluke,  410.  413,  414,  415 

frog,  50,  61,  72-73 

guide,  527 

human,  262,  284 

insect,  520,  527 

isolecithal,  283 

mammal,  242 

organization,  293-294 

pouch,  527 

sea  urchin,  551 

sharks  and  rays,  581 

squid,  480 

tapeworm,  417 

telolecithal,  283-284 
Eimeria,  363-364 
Ejaculatory  duct,  428 
Elasmobranchii,  575,  576 
Elastic  basement  membrane,  405 
Elbow  (see  olecranon  process),  109 
Electric  catfish,  126 

eel,  126 

organs,  126 

ray,  576,  580,  581 
Electrical  changes  in  brain,  210 
in  muscle,  122 

stimulation,  198 
Electroencephalogram,  211 
Electron,  25,  28 

microscope,  266 
Element,  25.  26.  28 
Elephant.  174.  256,  292,  630,  639 
Elephant  bird,  625 
Elephantiasis,  436-437 
Elephas,  630 
Embolus,  180 
Embryo.  260,  278-295 
Embryology,  21.  Ill,  278-295 

comparative.  324 

early.  280-287 

experimental,  293-295 

organogeny,  287-289 

sponge,  379-380 
Embryonic  disc.  284 

membranes,  290-292,  629 

mesenchyme,  289 


Emergency  theory,  234 
Emu,  623 
Enamel,  86 
Enchytraeidae,  462 
Enchytraeus,  449 
Endamoeba,  362 
Endocrine  system,  40,  225-251 

of  frog,  71-72 
Endocrinology,  21 
Endocuticle,  487 
Endolymph,  222,  223,  224 
Endometrium  of  uterus,  261,  262,  263 
Endomixis,  370 
Endoplasm,  359,  368 
Endopodite,  495,  496,  498 
Endoskeleton,  92,  94 

of  Cambarus,  497 

of  starfish,  545 
Endostyle,  562,  565,  573 
Endothelium,  169,  170 
Energy,  34 

kinetic,  34 

potential,  34 

production,  153 
Enterobius,  435 
Enterocoel,  447,  542 
Enterocrinin,  140,  141,  248 
Enterogastrone,  140,  141,  142,  248 
Enterokinase,  139,  140,  248 
Enteron,  396 

Enteropneusta,  348,  556-558 
Entoderm,  282,  288 
Entomology,  21 
Entoprocta,  347,  443,  445 
Environment,  factors  in,  648-657 

internal.  159.  160.  184.  212 
Enzyme,  32,  137,  138,  139,  140,  316 
Eocene  epoch,  331,  342 
Eohippus,  331 
Eosinophil,  177,  178 
Eosuchia,  603 
Ephelota,  374 
Ephemeroptera,  538 
Ephyra,  395 

Epibranchial  groove,  565 
Epicondyle,  109,  110 
Epicuticle,  487 
Epidermis,  of  frog.  54,  55 

of  mammal.  79-80,  82,  130 
Epididymis,  257 
Epigenesis,  278-279 
Epiglottis,  108.  131,  150 
Epigynum,  512 
Epilimnion,  662 
Epimera,  492 
Epimere,  288 

Epinephrine  (see  Adrenalin),  234 
Epipharynx.  528,  529 
Epiphysis    (see  pineal   body),   69,   98, 
199,  249 
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Epipodite,  496,  498 
Epithelioniuscular  cell,  388 
Epithelium,  36-37 

ciliated,  36 

columnar,  37 

cornified,  130 

cuboidal,  37 

germinal,  241,  260 

glandular,  135,  136 

olfactory,  150 

simple,  37 

squamous,  36 

stratified,  37 
Eptatretus,  571 
Eptesicus,  630 
Equatorial  plate,  271 
Equus,  333-335  (see  also  Horse) 
Erepsin,  139,  140 
Eretmochelys,  605 
Erthrocyte,  176-177,  365 

formation,  93,  177 

of  frog,  36,  68 
Esophageal  artery,  167 
Esophagus,  54,  60,  61,  131-132,  135 
Esox,  587,  589,  590 
Espundia,  359 
Estheria,  506 
Estrogen,  242 
Estrus,  263-264 
Ethnoids,  103 
Eubranchipus,  506 
Eucalia,  590 
Eudorina,  644 
Euentoma,  536-540 
Euglena,  352,  353-355 
Euglenoid  motion,  355 
Eulittoral  zone,  664-665 
Eumeces,  607 
Eumetazoa,  347,  375 
Eunectes,  610 
Eunice,  449,  453-454 
Euplanaria,  404 
Euplectella,  381,  382 
Euplotes,  372 
Eurycea,  596,  598 
Eurypterid,  489,  511 
Eustachian  tube,  53,  150,  220,  221 
Eutheria,  627,  629,  630 
Evidences  of  evolution,  323-325 
Evolution,  119,  319-343 
Exchange,  gaseous,  149,  154 

respiratory,  149,  164 
Excretion,  78,  184,  186 
Excretory    system    (sec    urinary    sys- 
tem), 40,  72,  184-191 
Excurrent  canal,  379 
Exercise,  121,  193 
Exoccipital  bone,  56 
Exocoetus,  589,  590 
Exocrine  gland,  225,  237 


Exopodite,  495,  496,  498 
Exophthalmic  goiter,  230 
Exoskeleton,  92,  94,  487,  497,  510 
Extensor  muscle,  119 
External  auditory  meatus,  103 
Exteroceptors,  2l2,  213 
Exumbrella,  393 

Eye,  compound,  of  Cambarus,  495,  502 
of  insects,  212,  519,  522,  526 

of  frog,  52,  56,  71 

of  mammal,  215-220 

of  squid,  212,  478 
Eyeball,  215,  216,  217 
Eyebrow,  90,  215 
Eyelash,  81,  90,  216 
Eyelid,  52,  215,  216 


Face,  102 

Fairy  shrimp,  505,  506 

Falcon,  625 

Falconiformes,  625 

Fallopian  tubes,  260,  261 

Family,  44 

Fan  worm  (see  Bispira),  454 

Fang,  131,  609 

Farsightedness,  219 

Fascia,  116,  117 

Fascicle,  116 

Fasciola,  404,  409-411 

Fasciolopsis,  414-415 

Fat,  37,  145 

body,  61,  74,  525 

metabolism,  238,  247 

storage,  77,  145 
Fatigue  in  muscles,  125-126 
Fatty  acids,  138 

Feather,  75,  76,  78,  79,  83,  88-90 
Feather  star   (see  Antedon),  544,  553 
Feces.  61,  130,  139,  144,  233 
Feeble-mindedness,  318 
Feet  of  birds,  616,  619,  620 
Felis,  630 
Female,  110,  253 

reproductive  system  of  frog,  72-73 
of  mammal,  259-264 
Femoral  vein,  67 
Femur,  58,  110 

of  arthropod,  512,  522,  523 
Fence  lizard,  607 
Fer-de-lance,  610 

Fertilization,    254,    261,    262,    276-277, 
287,  301 

membrane,  276 

tube,  556 
Fertilizin,  276 

Fetus,  163,  164,166,  182,  287 
Fibrils,  interciliary,  192 
Fibrin,  179 
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Fibrinogen,  179 

Fibula,  110 

Fiddler  crab  (see  Uca),  489,  507 

Fiery  serpent  (see  Dracunculus) ,  437- 

438 
Filarial  worm,  436-437 
Filariasis,  518 
Filial  generation,  299 
Filum  terminale,  202 
Finches,  Darwin's,  339,  340 
Finger,  190,  318 

Finger  shell  (see  Pterocera),  476 
Fingerprints,  83 
Fins,  of  fish,  78,  575,  576,  583 

of  squid,  478 
Fish,  567-591 
biology,  663 

circulatory  system,  161,  164,  165 
classification,  45,  46,  348,  559,  561 
commensals,  393 
endocrines,  231,  240,  247 
enemies,  390,  409,  463 
integument,  77,  78,  83-84 
intermediate  host,  411 
louse  (see  Argulus),  506 
muscular  system,  119,  126 
nervous  system,   196,   197,   199,  212, 

219 
parasites  of,  409,  463,  475-476 
respiratory  system,  148,  149,  154,  161 
sex  determination,  310 
skeleton,  100,  108 
Fission,  binary,  252,  351,  369 

multiple,  252,  351 
Fissure,  dorsal,  196,  203 
longitudinal,  200 
ventral,  196,  203 
Fissurella,  476 
Flagellata,  352,  353-359,  644 
Flagellum,  350,  352,  353,  376 
Flame  cell,  403,  406 
Flamingo,  625 

Flatworm  (see  Platyhelminthes) 
Flavor,  214,  215 
Flea,  531.  536,  540 
Flesh,  116 
Flexor,  119 
Flipper,  112 
Flounder,  588,  589,  590 
Fluid,  body,  186 
extracellular,  235 
intracellular,  235 
tissue.  182,  183 
Fluke,  45,  347,  401,  409-415 
Fly,  540 

Flying  dragon,  78,  608 
Flying  fish,  589.  590 
Flying  lemur,  78.  630.  632,  634 
Flying  squirrel,  78,  637 
Fly  way,  621-622 


Follicle,  graafian,  242,  260 

ovarian,  260 

stimulating    hormone    (FSH),    244, 
245 

thyroid,  228,  229,  230 
Fontanel,  104,  111 
Fontaria,  489 
Food,  128,^144-146,  588 

chain,  352 

network,  668-669,  670 

vacuole,  349,  360,  369 
Foot,  of  clam,  473 

of  molluscs,  467 

of  vertebrate,  110 
Foramen,  100 

infraorbital,  103 

intervertebral,  105,  204 

magnum,  56,  69,  103 

of  Monroe,  198 

obturator,  110 

ovale,  163,  164 

transverse,  105 
Foraminifera,  352,  362 
Forbes,  660 
Forearm,  118,  119 
Foregut,  497.  519,  523 
Foreleg,  of  frog,  51,  52-53 

of  horse,  334 

of  mammal,  109,  110,  112 
Foreskin,  258 
Forficula,  538 
Fossa,  58,  100 

glenoid,  58,  109 

mandibular,  103 

Fossil,  325 

Fovea  centralis,  217,  218 
Fowl,  inheritance  in,  301,  305,  310-311 
Fox,  630,  638 
Fraternal  twins,  295 
Freckles,  82 
Free-living  animal,  350 
Frenulum,  130 

Fresh-water  communities,  660-663 
Friction  ridges.  82,  83 
Frog,   46.   47-74,    165,    166,    197,   231, 
567,  598-601   (see  also  Anura 
and  Amphibia) 

egg,  283 

embryology,  281 
Frontal  bone,  102,  103,  215,  216 

lobe  of  cerebrum,  197,  200 

plane,  51 
Frontoparietal  bone,  56 
Frons,  521,  522 
Fruit  fly  (see  Drosophila) 
Fulcrum,  117,  118 
Fulmar,  625 
Fundulus,  590 
Fundus,  133,  143 
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F"ungia,  397 
Funiculus.  48v3 


Gadus,  588,  590 

Galea,  521,  522 

Galen,  243 

Galileo,  265 

Gall  bladder,  60,  129,  137,  140,  141,  142 

Gall  fly,  254 

Galliformes.  625 

Gambusia.  588,  590 

Gamete,  252,  297 

Gametocyte,  364,  365 

Gametogenesis,  273-275,  301 

Gammarus,  507 

Ganglion,  71,  195.  207 

autonomic,  204,  206 

cerebral,  474  _ 

earthworm,  459 

head.  192,  193 

pedal,  474  _ 

sympathetic,  203 

visceral,  474 
Gannet,  625 
Ganoid  fish,  83,  100,  590 

scale,  83,  84,  587 
Ganoin,  587 
Gapeworm,  461 

Gar,  83,  569,  582.  587,  589,  590 
Garter  snake,  608,  609 
Gas,  34 
Gastric  arterv,  65,  167 

caeca,  519,  523 

glands,  135,  139,  140 

juice,  138,  140,  141,  143,  211 

mill,  497 
Gastrin,  141,  142,  248 
Gastrocnemius  muscle,  59,  122 
Gastrodermis,  384 
Gastro-epiploic  vein,  168,  169 
Gastrolith,  497 
Gastrophryne,  596,  599 
Gastropoda,  468,  470-471 
Gastrotheca,  596,  599 
Gastrotricha,  347,  438,  441 
Gastrovascular  cavitv,  383,  384^  386 
Gastrula,  282,  287 
Gastrulation,  282,  284 
Gavial,  610,611^ 
Gaviiformes,  625 
Gel,  33,  359 

Gemmule,  377,  379,  382 
Gena,  521.  522 
Gene.  279.  299,  301 

killer  (in  Paramecium),  315 
linked.  312.  313,  314 
mutation,  311-312 
pool,  328 


Genetics,  21,  273,  296-318 

human,  306,  307.  309,  310,  317-318 
biochemical,  316 
Geniculate  bodies.  199 
Genital  artery,  167,  168 

vein,  169 
Genotype,  299 
Genotypic  ratio,  299 
Genus,  43,  44 

Geological  time  scale,  341-343 
Geophilus,  490 
Germ  cell,  260.  273,  275.  287 

layers,  279,  282,  287-289,  345 
Germplasm,  279 
Gestation  period,  292 
Giant  fiber  of  squid.  209 

squid  (see  Architeuthis),  480,  481 
Giardia,  357 
Gibbon,  635 
Gigantopithecus,  642 
Gila  monster,  607 
Gill  arches,  108,  111,  166 

arthropod,  488 

bars,  565 

books,  510 

clam,  473 

fish,  161,  586 

pouch,  221 

slit,  148,  556,  560,  565,  577 

snail,  479 
Girdle,  108 

pectoral,  58,  109 

pelvic,  58,  110 
Gizzard,  133,  457,  524 
Gladiolus,  107 

Gland,     38-39     (see     also     individual 
glands') 

alveolar,  39,  81 

mucous,  54,  135 

saccular,  39 

tubular._39.81 
Glans  penis,  258 
Glass  snake,  607 
Glenoid  fossa,  58,  109 
Glochidium,  475 

Glomerulus,    185,    188,    189,    190,    557 
Glossa,  528_,  529 
Glossiphonia,  462 
Glottis,  54.  62-63,  131,  149,  151 
Glucose,  31 
Glutinant,  385 
Glycera.  449 
Glycerols,  138 
Glvcogen,  31,  121,  145 
Goat.  231 
Gobies,  590 
Goblet  cell.  39.  136 
Goiter,  229,  230 

belt,  229,  230 

exophthalmic,  230 
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Golden  plover,  622 
Goldschmidt,  329 
Golgi  apparatus,  269 
Gonadal  artery,  168 

vein,  168 
Gonadotropic  hormone,  244-245 
Gonads,  240-243   (see  also  Ovary  and 

Testis) 
Gonangium,  391 
Gonionemus,  386,  393 
Gonium,  356,  644 
Gonotheca,  391 
Goose,  623,  625 
Gooseneck  barnacle,  506 
Gopher  turtle.  605.  606 
Gopherus,  605,  606 
Gordiacean    worm    (see    Xematomor- 

pha),  347,438,  442-443 
Gorgonia,  397 

Gorgonocephalus,  544,  549,  553 
Gorilla,  635 

Graafian  follicle.  242.  260 
Grantia  (see  Scypha),  377,  381 
Grass  frog  (sec  Rana  pipiens) 
Grasshopper,    521-527,    530,    538    (see 
also  Romalea) 

parasite  of.  443 
Gray  crescent,  293 

matter.  195,  197 
GrebCj  625 
Green  gland.  502 
Green   snake.   609 
Green  turtle,  605 
Groin,  183 
Grouse,  620,  625 
Grouse  locust.  538 
Growth.  23,  146 

hormone,  244 
Gruiformes,  625 
Gubernaculum.  255.  428 
Guinea  pig.  241,  263.  305-306 
Guinea  worm  (see  Dracunculus),  437- 

438 
Gull,  625 
Gulper,  590 
Gymnodinium.  358 
Gymnophis,  596 
Gyrus,  198 

H 

Haddock,  588,  590 
Hadrosaur.  614 
Haeckel.  508.  647 
Haemosporidia,  365-367 
Hagfish.  567,  570,  571,  574,  575 
Hair.  80,  90-91 

arrangement.  240 

follicle.  80,  81 
Hair     worm     (see     Xematomorpha), 
347,  438,  442-443 


Halfbeak,  590 

Halibut,  590 

Halteres,  530 

Hammer   (see  malleus).  220,  221,  222 

Hammerhead  shark,  576,  580 

Hand,  109 

Haploid  number  of  chromosomes,  274, 

275 
Haplomi,  590 
Harvestman,  514,  515 
Haversian  canal,  96,  97 

system,  96 
Hawk,  618,  619,  620,  623,  625 
Hawksbill,  605 
Head,  of  arthropod,  488 

of  epididymis.  257 

of  frog.  51,  52 

of  humerus,  109 

of  rib,  107 

of  sperm.  258,  275 
Hearing,  220-223 
Heart,  activity,  173-174 

Anodonta,  473 

beat.  171-172,  173.  178 

bird,  616 

bone,  111 

Cambarus,  497,  501 

frog.  63 

lamprey  eel,  572 

Lumbricus,  458 

lymph.  69,  187 

mammalian.  162-163 

murmur,  173 

muscle,  58,  117,  124,  173 

Neanthes.  452 

Perca.  586 

Petromyzon.  572 

Romalea,  525 

Saccoglossus.  557 

sounds.  172-173 

Squalus,  577 

urchin   (see  Lovenia).  544.  551.  553 

valves.  162.  163.  164.  172 

vertebrate,   161-162,    165 
Heat.  34.  144.  160 

in  animals.  263-264 

delayed,  122 

as  ecological  factor,  648-649 

initial,  122 

regulation,  34,  76,  77 
Heel.  110 

Heidelberg  man.  642 
Heliozoa.  361,  362 
Helix,  471 
Hellbender  (see  Cryptobranchus),  596, 

598 
Helmholtz  theory.  223 
Heloderma,  607 
Hematin  crystals,  325 
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Hemichordata     (see     Enteropneusta) , 

348,  556-558 
Hemimetabola,   520,   538-539 
Hemiptera,  539 
Hemixis,  370 
Hemocoel,  468,  488,  525 
Hemocyanin,  468,  488 
Hemoglobin,    68,    177,    325,    422,    448, 

468,  552 
Hemophilia,  180,  310,  318 
Hemorrhage,  179,  186 
Hepatic  artery,  167 
portal  system,  66,  168,  169 
vein,  68,  168,  169 
Herbivore,  134,  139,  144,  190,  240 
Hereditary  factor,  268 
Heredity,  237,  296-318 
Hermaphroditic,  253 
Hermit  crab  (see  Pagurus),  507 
Heron,  624,  625 
Herpetology,  21 
Herring,  588,  590 
Hesperornis,  617,  623 
Hesperornithiformes,  623 
Heterocercal  tail,  587 
Heterodera,  429,  430 
Heterodont,  87,  130 
Heterogamete,  253 
Heteromi,  590  _ 
Heteromorphosis,  505 
Heteronomous  metamerism,  447 
Heteroptera,  539 
Heterosomata,  590 
Heterotrophic,  321 
Heterozygous,  299 
Hexactinellida,  381 
Hibernation,  51,  74,  77,  649 

Hiccup,  157 

Hilus,  187,  189 

Hindgut,  291,  497,  519,  523 

Hindlimb,  frog,  51,  53 
mammal,  110 

Hinge  ligament,  472 

Hippocampus,  589,  590 

Hippoglossus,  590 

Hirudin,  463 

Hirudinea,  449,  462-463 

Hirudo,  449,  463 

Histology,  21 

Hoactzin,  85 

Hog   (see  Pig) 

Holoblastic  cleavage,  283 

Holocephali,  576 

Holometabola.  520,  539-540 

Holophytic,  350 

Holostei,  569,  582,  590 

Holothuria,  544 

Holothurioidea,  544,  551-553 

Holozoic,  350 

Homarus,  486,  507,  508 


Homeostasis,   176,   179,  183,   184,   185, 

186 
Hominidae,  44 

Homo   sapiens,    44    (see  also  Man) 
Homocercal  tail,  583,  587 
Homodont,  87,  130 
Homoiothermic   animal,   76,    148,    160, 

162,  176,  615,  616,  649 
Homologous    pairs    of    chromosomes, 
272,  274,  277,  301 

structures,  112 
Homology,  111-112,  119,  323,  496 
Homonomous  metamerism,  447 
Homoptera,  539 
Homozygous,  299 
Honey  bee    (see  Apis),  534-535 
Honey  guide,  625 
Hoof,  85,  86 
Hooke,  Robert,  266 
Hookworm,  432-434 
Hormone,   72,   182,  225-251    (sec   also 

under    individual   hormones) 
Horn,  83,  88,  111 
Horned  toad,  607 
Horse,  chromosome  number,  272 

classification,  46,  630,  639 

evolution  of,  330-335 

gestation  period,  292 

integument,  90 

parasites  of,  430 
Horsehair  worm  (see  Nematomorpha) , 

347,  438,  442-443 
Horseshoe   crab    (see   Limulus),   489, 

510-511 
House  mouse  (see  Mus),  636,  637 
Housefly,  518,  535 
Howler  monkey,  630,  635 
Human,   egg,  284    (see   also    Man) 

embryology,  284-287 

gestation  period,  292 

inheritance,     306,     307,     309,     310, 

parasites,  413-414,  418-420,  430-438, 
516 
Humerus,  65,  101,  109,  113 
Hummingbird,  620,  622,  624,  625 
Hunger,  214,  239 
Huxley,  T.  H.,  320 
Hybrid  vigor,  317 
Hydatid  cyst,  420 
Hydra.  45,  252,  347,  386-390 
Hydranth,  391 
Hydrocaulus,  391 

Hydrogen,  26,  29,  30,  31,32,  35,  229 
Hydrogen-ion  concentration,  30,  160 
Hydroid,_383,  385 
Hydrophinae,  610 
Hydrorhiza,  391 
Hydrotheca,  391 
Hydrozoa,  385,  386-393 
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Hyla,  596,  599 
Hylidae,  596 
Hymen,  261 
Hymenolepis,  420 
Hymenoptera,  539 
Hyoid  apparatus,  108,   130 

arch,  56 
Hyperfunction,  226,  227 
Hyperparathyroidism,  233 
Hypodermis,  424 
Hypofunction,  226,  227 
Hypohippus,  333 
Hypolimnion,  662 
Hypomere,  288 
Hypoparathyroidism,  232 
Hypopharynx,  519,  521,  522,  527,  528, 

529,  530 
Hypophysis    (see  Pituitary  gland) 
Hyporhamphus,  590 
Hypostome,  386 
Hypothalamus,  199,  211,  243 
Hypothesis,  19 
Hyracoidea,  630,  639 
Hyracotherium,  331 


Ichthyomyzon,   571,  575 
Ichthyophis,  596 
Ichthyopterygia,  603 
Ichthyornis,  623 
Ichthyornithiformes,  623 
Ichthyosauria,  603,  612,  613 
Identical  twins,  295 
Idothea,  507 
Iguana,  607 
Iguanidae,  607 
Ileum,  61,  129,   134 
Iliac  artery,  66,   167 

vein,  68,  168 
Iliolumbar  artery,  168 

vein,  168 
Ilium,  58,  110 
Impennae,  625 
Implantation,  242,  261,  285 
Impulse,  nerve,  208-209 
Inbreeding,  3l6,  317 
Incisor,  87,  88,   130 
Incurrent  canal,  378 
Incus,  220,  221,  222 
Infection,  178,  183,  221,  239 
Infundibular  stalk,  243 
Infundibulum,  69 
Infusoria   (see  Ciliata) 
Inguinal  canal,  255 

hernia,  256 
Inhibition,  206,  207 
Iniomi,  590 
Ink  gland,  477,  479 
Inner  cell  mass,  285 


Innominate  artery,   166 

bone,  110 

vein,  66,  168,  183 
Inorganic  chemistry,  30 
Insecta,  44,  518-540,  649,  650 

characteristics,  519-521 

classification,  44,  348,  490 

economic  relationships,  535-536 

endocrine,  249 

habit  variations,   531-535 

muscular  system,   114 

orders,  536-540 

reproduction,  253,  254 

respiratory  system,   148 

skeletal  system,  33,  92,  94 

structural  variations,   527-531 
Insectivora,  628,   630,   633-634 
Insertion   of   muscles,   117 
Insulin,  137,  237,  238,  239,  240,  250 
Integumentary  system,  40,  54-55,  75-91 
Interaction  of  factors,  304-306 
Intercalated  disc,   117 
Interciliary  fibril,  368 
Intercostal  arteries,   167 

muscles,   107,  154,  155 

space,  107 

veins,  168 
Intermediate  lobe  of  pituitary,  72,  243, 

247 
Intermedin,  247 
Interoceptor,  212,  213-214 
Interparietal  bone,   102 
Interphase,  270 
Interradius,  395 
Intersexes,  308-309 
Interstitial  cells,  of  hydra,  388 
of  ovary,  242 
of  testis,  240,  241 
Intertidal  zone,  664,  665 
Intestinal  juice,  138,  139,  140,  141 
Intestine,  60,  234 

large,  61,  134-135,   139 

small,  61,  134,   135,   138 
Invertase,  139 
Invertebrates,  92,  159,  185,  193,  212 

hormones,  249 
Iodine,  29,  35,  71,  228,  229,  230,  231 
lodothyroglobulin,  228 
Ion,  27 

Iris,  206,  216,  217,  219 
Irish  elk,  330 
Iron,  29,  35,   145,  177 
Irritability,  24,   192,  360 
Ischium,  58,  110 
Ischnochiton,  476 
Island  faunas,  340 

Islets  of  Langerhans,  72,  237-240,  250 
Isogamete,  253 
Isolation,  328,  338-340 
Isolecithal  egg,  283 
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Isopod,  507 

Isoptera,  538 

Isospondyli,  590 

Isotope,  26-27 

Isthmus  of  thyroid,  228 

Itch  mite   (see  Sarcoptes),  515,  516 

J 

Jacamar,  625 

Jackrabbit,  630,  636,  649 

Janssen,  265 

Japanese  beetle,   535 

Japygid,  538 

Jaw,  of  rotifer,  440 

of  squid.  479 

of  vertebrate,   53,   56,   57,   100,   108, 
131 
Jejunum,  129,  134 
Jellyfish,  45,  212,  347,  383,  385,   391, 

393,  395 
Joint,   112-113,   183 
Jugular  vein,  66,  68,   168,   169,   183 
Juice,  digestive,  137,  138,  140,  143 

gastric,   138,   140,   141,   143,  211 

intestinal,  138,  139,  140,  141 

pancreatic,  137,  138,  139,  140,  141,  237 
Jurassic  period,  342,  604,  615,  626,  627 

K 
Kala  azar,  359 
Kangaroo,  633 
Kappa  material,  315 
Keratin,  80,  83 
Ketone,  238 

Kidney,   72,   184,    185,    186,    187,    188, 
235,  236 

cortex,  187,   188 

function,  186,  189.  190,  248 

medulla,   187,  188 

tubules,  184,  185,  186,   188,   189 
Killifish,  590 
Kinesthetic  sense,  214 
King      crab      (see      Limulus),      489, 

510-511 
King  snake,  608 
Kingdom,  animal,  44,  344-348 
Kingfisher,  619,  625 
Kinorhyncha,  347,  438,  441-442 
Kissing  bug,  359 
Kite,  625 
Kiwi,  625 

Knee  jerk,  196,  210 
Koala,  633 

Komodo  dragon,  608 
Krait,  610 
Kymograph,   122,   123,   124 


Labeled  elements,  27 
Labella,  528,  529 


Labia  major,  261 

minor,  261 
Labial  palps,  473 
Labium,  519,  521,  522,  527,  528,  529, 

530 
Labrum,  519,  521,  522 
Labyrinthodont,  595,  601 
Lacewing,  539 
Lachesis,  610 
Lacinia,  521,  522 
Lacrimal  bone,  103 

gland,  216 

lake,  216 
Lacrymaria,  372 
Lactase,  139 
Lactation,  242,  246,  247 
Lacteal,  183 

Lactic  acid,  121,  126,  153 
Lactogenic  hormone,  246-247 
Lacuna,  of  bones,  96,  97 

of  Nemertina,  421 
Ladybird  beetle.  535 
Lagomorpha,  630,  635-636 
Lake,  660-663 

temperature  relationships,  661-663 

trout,  574,  588 
Lamarck,  322,  326 
Lambdoidal  ridge,  103 
Lamella,  of  bone,  96,  97 

of  gills,  474 
Lamp  shell  (see  Brachiopoda),  348, 

484 
Lamprey  eej,  46,  567,  570,  571-575 
Lampropeltis,  608 
Lantern  fish,  590 
Lappet,  394 

Large  intestine,  61,  134-135,  139 
Larva,  axoloti,  231,  597 

of  frog,  134 

of  insect,  520 

Larvacea,  561 
Larynx,  54,  149.  151 
Lateral  line.  78.  212.  571.  583 
Latimeria,  569,  583,  591 
Latrodectus,  512,  515 
Laurer's  canal,  413 
Law,  biogenetic,  508.  647 

embryonic  development.  324 

independent  assortment,  303 

recapitulation,  647 

segregation,  298 

use  and  disuse.  326 
Leaf  hopper.  535.  539 
Learning.  210.  218 
Leatherback.  606 

Leech,  45,  446  (sec  also  Hirudinea) 
Leeuwenhoek,  266,  278,  349 
Left-handedness,  318 
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Leg,  of  insect,  530 

of  vertebrate,  110 
Leishmania,  359 
Lemming,  637 
Lemniscus,  444 
Lemur,  630,  635 
Lens,  crystalline,  217,  218,  219 
Leodice,  454 

Leopard  frog  (see  Rana  pipiens) 
Lepas,  506,  507 
Lepidoptera,  540 
Lepidosauria,  603 
Lepidosiren,  583,  591 
Lepisosteida,  590 
Lepisosteus,  569,  582,  589,  590 
Lepomis,  590 
Leptocardii,  564 
Leptosynapta,  553 
Lepus,  630,  636 
Lernaea,  506 
Lethal  character,  312 
Leucocyte,  68,  177-178,  183 
Leucosolenia,  377,  381 
Leucon,  379 
Levers,  117-118 
Lice,  531,  535 
Life,  criteria,  23,  24 
origin  of,  320-321 
processes,  154 
Ligament,  96,  113,  217 
broad,  261 
hinge,  472 
round,  261 

Light,  as  ecological  factor,  650 

Ligula,  521,  522 

Limnology,  660 

Limpet,  468,  471,  476 

Limulus,  489,  510-511 

Linea  alba,  119 

Linguatula,  489 

Linguatulida  (sec  Pentastomida) ,  489, 
515 

Lingula,  482,  484 

Linkage,  312-315 
sex,  307-311 

Linked  genes,  312,  313,  314 

Linin,  268 

Linnaeus,  42,  43,  321 

Lionotus,  372 

Liopelmidae,  596 

Lipase,  139 

Lipid,  31-32,  (sec  also  Fat) 

Lips,  120,  130.  213 

Lithobius,  490 

Littorina,  476 

Liver,  60,  137,  365 
cirrhosis,  414 

Liver  rot,  409 


Lizard,  46,  111,  130,  567,  603,  606-608, 

612,  613 
Loa,  437 

Lobster  (^sce  Homarus),  486,  507,  508 
Locomotion,  78 
Locus,  302 

Loggerhead,  605,  606 
Loligo,  477-480,  481 
Longissimus  dorsi,  60 
Loon,  625 

Loop  of  Henle,  188 
Lophius,  589,  590 
Lophophore,  482,  483 
Lorica,  439 
Lovenia,  544,  551,  553 
Loxodonta,  630 
Lumbar  curvature,   104 

enlargement,  202 

nerves,    204 

vertebrae,  105,  106 
Lumbar-sacral  plexus,  204 
Lumbricus  terrestris,  447,  449,  455-461 

(see  also  Earthworm) 
Lumen,  134 

Lung.  62-63,  152-153,  156,  157 
Lungfish.  165,  569,  583,  587,  591,  592, 

593 
Lungworm,  461 

Luteinizing  hormone    (L.H.),  244-245 
Lycaenops,  626,  627 
Lyell,  327,  337 
Lymnaea,  410 
Lymph,  68,  182,   183 

duct,  68 

heart,  69 

node,  178,  183 

space,  68 

vessel,  183 
Lymphatic  duct,  169,  183 

system,  68-69,  182-183 
Lymphatics,   182.   183 
Lymphocyte,  178 
Lyomeri,  590 

M 

Mackerel,  588,  589,  590 
Macracanthorhynchus,  445 
Macrobiotus,  489,  515 
Macrogamete,  356,  363,  364 
Macronucleus,  369.  370,  372 
Macrophage,  177,  183 
Madreporite,  542,  543,  545,  546,  549,  551 
Malaclemys,  605 
Malacostraca,  507-508 
Malar  bone,   102.  215 
Malaria.  352,  365-367,  518 
Male,  253 
reproductive  system  of  frog,  73-74 
of  mammal,  255-259 
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Malleus,  220,  221,  222 
Mallophaga,  538 

Malpighian   layer  {see  stratum  germi- 
nativum),  54,  55,  79 
tubule,  488,  516,  517,  519,  525 
Maltase,  139 

Malthus,  322,  327,  667,  668 
Mammalia,  626-643 
characteristics  of,  628-629 
classification,  44,  46,  348,   561,  567, 

629-630 
embryology,  281,  290-292 
fertilization  of  egg,  277 
orders,  630-643 
organ  systems,  47-264 
origin  of,  612,  614 
parental  care,  254 
sex  determination,  308 
twinning,  295 
Mammal-like  reptile   {see  Synapsida), 

604,  612 
Mammalogy,  21 

Mammary  gland,  79,  81,  246-247,  262 
Mammillary  body,  200 
Man,  chromosome  number,  272 
classification,  44,  45,  559,  630,  635 
development,  640-643 
gestation,  263 
organ  systems,  47-264 
parasites,    411,    418-420,    413,    414, 
430-438,  463 
Manatee,  630,  639 

Mandible,  of  Cambarus,  495,  496,  498 
of  insects,  519,  521,  522,  527,  528,  529, 

530 
of  vertebrate,  101,  103,  150 
Mange,  516 

Manis,  85,  630,  632,  635 
Manta  ray.  576,  580,  581 
Mantid,  538 

Mantis  shrimp    {see  Squilla),  507 
Mantispid,  539 
Mantle,  467,  473,  478,  562 
Manubrium,  of  jellyfish,  393 

of  vertebrate,   108 
Margaropus,  367,  516 
Marrow,  95-96,  177,  178 

cavity,  93,  95,  97,  98 
Marsupial,  256,  336 

frog    {see  Pipa  or  Gastrotheca) 
Marsupialia.  627,  629,  631,  633 
Mastax,  440 
Mastigophora    {see    Flagellata),    352, 

353-359,  644 
Mating  behavior,  513,  620-621 

season,  241 
Matrix  of  cartilage,  95 
Matter,  25-29 
gray,  195,  197 
white,  195,  198 


Maxilla,  57,  102,  103,  215 
of  Cambarus,  495,  496,  498 
of  insects,  519,   521,   522,   527,  528, 
529   530 
Maxilliped,  '495,  496,  498 
Mayfly,  538 
Meandrina,  397 
Meckel's  cartilage,  57 
Mediastinum,   153,   162 
Medicine,  21,  226,  234,  236 

psychosomatic,  211 
Medulla,  of  adrenal  gland,  207,  234 
of  kidney,  187,  188 
of  ovary,  242 
Medulla  oblongata,  69,  71 
Medusa,  383,  385,  391,  393,  395 
Megalops,  508 
Megaloptera,  539 
Meganthropus,  642 
Mehlis's  gland,  413 
Meibomian  gland,  81,  216 
Meiosis,  273-275,  303,  312 
Melanin,  487 
Melanogrammus,  588,  590 
Membrane,  basement,   152 
basilar,  222,  223 
bone,  100 

cell,  159,  235,  267,  269 
elastic  basement,  405 
embryonic,  290-292 
fertilization,  276 
fibrous,  215 
nictitating,  52,  216 
nuclear,  267,  268,  270 
oval  window,  220,  221 
plasma,  267,  269 
round  window,  220,  221 
semipermeable,  34 
tectorial,  222,  223 

theory  of  nerve  conduction,  207-209 
tympanic,  220,  221,  222 
vestibular,  222 
Mendel,  297,  303,  311,  327 

laws  of  inheritance,  298-306 
Meninges,  71,  201,  202 
Meningitis,  202 
Menopause,  262 

Menstrual  cycle,  262,  263,  287 
Menstruation,  262 
Mentum,  521,  522 
Mephitis,  630 
Meroblastic  cleavage,  284 
Merostomata,  489,  510-511 
Merozoite,  363,  364,  365,  367 
Merychippus,  333 
Mesencephalon,  69,  196,  199 
Mesenchyme,  embryonic,  289 
Mesenteric  artery,  65,   168 

vein,  168 
Mesentery,  60,  128,   136-137 
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Mesoderm,  282,  288-289,  402 
Mesoglea,  376,  384 
Mesohippus,  333 
Mesomere,  288 
Mesonephros,   185,  186 
Mesothorax,  522 
Mesovarium,  260 
Mesozoa,  346,  375,  382-383 
Mesozoic  era,  342,  568,  569,  604,  613, 

627 
Metabolic  processes,  186 

rate    149 
Metabolism,  24,   127,  225,  228 

basal,  157 

of  calcium  and  phosphorus,  231-232 

of  carbohydrates,  235,  238,  247 

of  fat,  238,  247 

of  proteins,  235 
Metacarpals,  56,  58,  101,  109 
Metacercaria,  411,  414 
Metacrinus,  553 
Metagenesis,  385 
Metamerism,  346,  447 
Metamorphosis,    134,    231,    249,    520, 

521,  597 
Metanephridial  system,  448,  468 
Metanephros,   185,   186,  603 
Metaphase,  271 
Metapleural  fold,  564 
Metatarsals,  56,  58,   101,  110 
Metatarsus,  512 
Metatheria,  627,  630 
Metathorax,  522 
Metazoa,  44,  114,  147,  346,  375 

origin  of,  644-645 
Metencephalon,   196,   199-201 
Metridium,  396 
Miastor,  254 
Mice,  81,  649 

lethal  characters  in,  312 
Microcyprini,  590 
Microfilaria,  436,  437 
Microgamete,  356,  363,  364 
Micronucleus,  369,  370,  372 
Micropodiformes,  625 
Micropterus,  590 
Micropyle,  520,  527 
Microscope,  265,  266,  267 
Microsorex,  634 
Microtus,  636 
Micrurus,  609 
Micturition,  191 
Midbrain     {see    mesencephalon),    60, 

196,  199 
Middle  piece  of  sperm,  258,  275 
Midgut.  497,  519,  523 
Midwife  toad  {see  Alytes),  596,  599 
Migration,  77,  337 

bird,  77,  621-623,  650 

fish,  587 
routes,  337 


Milk,  81,  138 

pigeon,   132,  621 
teeth,  88 
Millipede,  489,  515,  516 
Milt,  586 
Mimicry,  236-237 
Mineral  reserves,  93 
Mink,  630,  638 
Miocene  epoch,  333,  342 
Miohippus,  2i2i2) 
Miracidium,  410,  413 
Mistichthys,  581 
Mite.  489,  514,  515,  516 
Mitochondria,  268 
Mitosis,  270-272 
Mitral    valve     {see    bicuspid    valve), 

162,  163,  164 
Mixed  nerve,  203 
Moa,  625 

Mola,  581,  589,  590 
Molar,  87,  88,  130 
Mole,  82,  111,  112,  633 
Mole  cricket,  530,  538 
Molecule,  27 
Molgula,  561,  562-564 
Mollusca,  45,  92,   148,  209,  348,  357, 
466-485 

characteristics  of,  466-468 

classes  of,  468 
Molt,  90,  91,  94.  249,  487-488 
Monkey,  83,  85,  130,   134,  181 
Monocyte,  177,   178 
Monodon,  630 
Monoecious,  253,  459 
Monogenea,  409 
Monogenetic  trematodes,  409 
Monohybrid  cross,  298-301 
Monosaccharide,  31 
Monotremata,  629,  630-631 
Mons  pubis.  261 
Montipora.  397 
Morgan,  T.  H.,  302 
Morphology,  21 
Morula,  280 
Mosquito,  540 

as  vector,  365,  367,  436,  518,  535,  536 

habits  and  control.  367 
Moss  animals  {see  Entoprocta  or  Bry- 

ozoa) 
Moth,  540 
Motor  areas  of  brain,  198,  200 

axon,  209 

nerve,  203 

neuron,  203 

plate,  194,  195 
Mouse,  174,  241 
Mouse  bird,  625 
Mouth,  52,  53-54,  120,  128,  130-131 
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Mouth  parts  of  insects,   527-530 

Movement,  24,  93,   114,  118 

Mucin,   138,   142 

Mucosa,  135 

Mucous  gland,  54,   135 

Mucus,  81 

feeding  454,  464,  467,  483,  484,  485, 
562,  566,  573 
Mud  minnow,  590 
Mudpuppy    {see  Necturus),   596,   598, 

601 
Mudskipping  goby,  592,  593 
Mule,  639 

Multihybrid  cross,  341 
Multiple  alleles,  307 

fission,  252,  351 
Multipolar  nerve,  384 
Muridae,  44,  636 
Mus,  636,  637 
Muscle,  arrangement,   119 

attachment,  93,   105,   109,   110 

belly,  117 

cardiac,  58,   117,  124 

ciliary,  218 

contraction,  121 

insertion,  117 

origin,  117 

skeletal,  58,  116,  122-126,  190 

smooth,   58,   115-116,   124,   173,   189, 
206,  234 

twitch,  122,  123,  124,  232 
Muscular  system,  40,  58-60,   114-126 
Muskellunge,  590 
Muskrat,  637 
Mussel,  468,  476 
Mustek,  630 
Mutation,  311-312,  328 
Myctophum,  590 
Myelencephalon,  201 
Myelin  sheath,   194,  195,  209 
Alvocyte,  2)76 
Myofibrils,  115,   116,  126 
Myoneme,  2)72> 
Myosin,  121 
Myotis,  630.  632 
Myotome,   119,  564 
Myrientomata,  536 
Myrmecophaga,  630 
Myrmecophile,  336 
Mysis,  507,  508 
Mytilus,  476 
Myxedema,  230 
Myxine,  567,  571,  574 
Myxinoidea,  571 


N 


Nacre,  472 
Nail,  83,  85,  86 
Nais,  449,  461 
Naja,  610 


Nares,  52,  62-63,  120,   149 
Narrow-mouthed    toad     {see    Gastro- 

phryne),  596,  599 
Narwhale,  630 
Nasal  bone,  56,   102 

cavity,  104,  214 

mucosa,  214 

region,  196 

septum,  150,  205 
Nasolacrimal  duct,  216 
Nasutes,  532 
Natrix,  609 
Nauplius,  508,  510 
Nausea,  224 

Nautilus,  chambered,  468,  477,  481,  482 
Neanderthal  man,  642 
Neanthes,  449,  450-453 
Nearsightedness,  219 
Nebalia,  507 
Necator,  432,  433 
Neck,  of  rib,  107 

of  tooth,  86 
Necturus,  596,  598,  601 
Nekton,  660 
Nemathelminthes,  45,  347,  423-445 

characteristics  of,  424-426 

classes,  426 
Nematocyst,  384,  385,  387 
Nematoda,  426 

Nematode    {see  Nemathelminthes) 
Nematomorpha,  347,  438,  442-443 
Nemertina,  347,  421-422 
Neo-Darwinism,  328-330 
Neognathae,  625 
Neornithes,  617,  623-624 
Nephridiopore,  448,  458 
Nephridium,  448,  458 
Nephron     {see    kidney    tubules),    184, 

185,  186,  188,   189 
Nephrostomy   185,  448,  458 
Nereis     {sec  Neanthes),  449,  450-453 
Neritic  province,  664,  666 
Nerve,  afferent,  203 

bipolar,  384 

cell,   192,   194,  195,   199 

center,   174,  201 

cervical,  204 

cord,   192,  193,   196 

cranial,  71,   194,  204-205 

efferent,  203,  205 

excitatory,  174 

impulse,   195,  207-209 

inhibitory,  174 

mixed,  203 

multipolar,  384 

myelinated,  195 

pathway,  195 

physiology,  207,  211 

process.   198,  207 

ring,  543,  547 
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Nerve — Cont'd 
sensory,   196,  203 
spinal,  71,  203-204 
sympathetic,  250 
thoracic,  204 
transmission,  232 
Nervous  system,  40 
annelids,  449 
arthropods,  488 
autonomic,  194,  206-207 
central,  194,  196-203 
chordates,   560-561 
coelenterates,  384 
echinoderms,  543 
Enteropneusta,  558 
frog,  69-71 
mollusc,  468 
perch,  586 
peripheral,  203-205 
physiology,  207-211 
planaria,  405,  406 
Romalea,  526 
roundworms,  425 
shark,  579 

vertebrate,   192-224,  566 
Nestling,  132 
Neural  arch,  57,    105 
canal,  105 
cavity,  106 
plate,  287,  288 
spine,   105,   106 
tube,  288 
Neurolemma,   194,    195 
Neuromuscular  system,  232 

tissue,  171 
Neuron,  195 
afferent,   195,  209 
association,   195,  209 
efferent,   195,   196,  209 
Neuropodium,  451 
Neuroptera,  539 
Neurospora,  316 
Neutron,  25,  28 
Neutrophil,  177,   178 
Newt    (see  Triturus),   596,  598 
Niacin,  146 

Nictitating  membrane,   52,   216 
Nighthawk,  618,  625 
Nissl's  granule,   194 
Nitrogen,  153,   155,  235 
Noctiluca,  357 

Node,  auricular-ventricular,    172 
lymph,  178,   183 
of  Ranvier,   194,   195 
sino-auricular,   171,   172 
Nonstriated      muscle       (see      smooth 

muscle),  58,  115-116,  124 
Nose,  71,   149 

Nostrils    (see  nares),    52,  62-63,    120, 
149 


Notacanthus,  590 

Notch,  semilunar,   109 

Notochord,   100,  104,  282,  288,  560,  565 

Notopodium,  451 

Notostraca,  506 

Nuclear  membrane,  267,  268,  270 

Nucleolus,  267,  268,  271 

Nucleoplasm,  268 

Nucleoproteins,  191 

Nucleus,  atomic,  25 

cell,  36,  266,  267-268,  270 
Nuda,  399 

Nudibranch,  471,  476 
Nuptial  pad,   53 
Nutrition,   144-146 
Nymphon,  489,  516 

O 

Obelia,  386,  391,  392 
Obesity,  230,  239 
Occipital  bone,  56,   103 

complex,   102,   103 

condyle,  56,   103,   105 

lobe  of  cerebrum,  197,  200 
Ocean  sunfish,  581,  589,  590 
Oceanic  communities,  663-667 

province,  664,  667 
Ocellus,  521,  522,  526 
Octopus,   45,   92,   212,   328,   466,    468, 

480-481,  637 
Odocoileus,  630 
Odonata,  538 
Odontognathae,  623 
Odor,  149,  214,  215 

receptors,  150 
Odoriferous  gland,  82 
Oil.  76 
Olfactory,  bulb,  196,  197 

epithelium,  213 

lobe,  69,  196.  197.  199,  202 

nerve,  196,  197,  200 

pit,  566 

tract,  69,   196,   197 
Oligocene  epoch,  333,  342 
Oligochaeta,  449,  454-462 
Oligoentoma.  536 
Omasum,   132,   133 
Omentum,  137 
Ommatidium,  502,  503 
Omniverous,  144 
Onchocerca,  437 
Onchocerciasis,  437 
Oncorhynchus,  590 
Oncosphere,  418 
Onychophora,  489,  490-492 
Oocyst,  363,  364,  365 
Oocyte,  275 
Ooecium,    483 
Oogenesis,  275 
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Oogonium,  275 

Ookinete,  365 

Ootid,  275 

Ootype,  413,  417 

Operculum,  385,  583 

Opheodrys,  609 

Ophisaurus,  607 

Ophiura,  544,  553 

Ophiuroidea,  544,  549 

Opiliones,  514,  515 

Opisthorchis,  411-414 

Opossum,  292,  628,  629,  632,  633 

Optic  chiasma,  69,   199 

lobes,  69,  197 

nerves,  69,  200,  205,  218 
Oral  end,  of  ctenophore,  399 
of  echinoderms,  542,  545 
of  hydra,  386 
Oral  groove,  369 

hood,  564 
Orbit  of  eye,  55,  56,  57,   102 
Order,  44 

Ordovician  period,  343,  567 
Oreaster,  553 
Organ,  40 

grade  of  organization,  344 

of  Corti,  222,  223 
Organelle,  349,  350 
Organic  chemistry,  30-32 
Organization,  24 
Organizer,  294,  295 
Organogeny,  287-289 
Origin,  of  muscles,   117 

of  species,  320,  322,  323,  327 
Oriole,  621 

Ornithischia,  604,  613 
Ornithology,  21 

Ornithorhynchus,  627,  629,  631,  632 
Orthogenesis,  330-331 
Orthoptera,  44,  521,  538 
Orycteropus,  630,  632,  638-639 
Osculum,  377,  379 
Osmosis,  34-35,  36,  269 
Osmotic  equilibrium,  235 

pressure,  160,   186 
Ossicle,  545j  549 
Ostariophysi,  590 
Osteichthyes,  46,  567.  568,  575,  581-591 

characteristics,  582 

classification,  582-583 

orders,  588-591 
Osteoblast,  96,  97,  232 
Osteostraci,  570 
Ostium  of  insect  heart,   525 

of  Metridium,  396 

of  sponge,  377,  378 

tubae,  73 
Ostracion,  589,  590 
Ostracoda,  506,   508 
Ostracoderm,  567,  568,  570,  574 


Ostrich,  619,  620,  623,  624 
Otolith,  223,  224 
Otter,  256 

Outbreeding,  316,  317 
Ovarian  cycle,  263 
Ovariole,  526,  527 
Ovary,  61,  72,  241-243 

cortex,  242 

medulla,  242 
Oviduct,  61,  73,  242,  260 
Oviparous,  254,  602 
Ovipositor,  523,  527 
Ovoviviparous,  254,  602 
Ovulation,  242,  250,  262 
Ovum   (sec  Egg) 
Owl,  623,  624,  625 
Oxidation,  147,  228 
Oxygen,  26,  29,   147,   177 

debt,  121 
Oxyhemoglobin,   154,   177 
Oyster,  468,  471,  476,  477,  548,  549 

drill,  471 


Paddlefish,  569,  582,  589,  590 

Paedogenesis,  254,  520 

Pagurus,  507 

Pain,  213 

Painted  turtle,  605,  606 

Palaeognathae,  623,  625 

Palaeoniscid,  569 

Palate,  hard,   103,   130,   131,   149 

soft,  131 
Palatines,  57,  103 
Paleontology,  325 

Paleozoic  era,   343,   509,   511,  568,  569 
Pallial  line,  472 
Palolo     worm      {sec     Eunice),     449, 

453-454 
Palps,  450,  521,  522 
Palpus,  512,  513 

Pancreas,  60,  72,   137,   142,  237-240 
Pancreatic   juice,    137,    138,    139,    140, 

141,  237 
Pancreozymin,  140,  141,  142,  248 
Pandorina,  356,  644 
Pangene,  327 

Pangolin,  85,  630,  632,  635 
Panulirus,  507 
Papilla,  of  kidney.   187,   188 

of  tapeworm,  418 
Papillae,  80 
Papillary  layer,  80,  82 

muscles,  63,  163 
Paragonimus,  414 
Paragordius,  442 
Parakeet  624 
Paralichthys,  588,  589,  590 
Parallel  evolution,  336 


i 


Index 


717 


Paramecium,  368-372 

classification,  352 

conjugation,  253 

cytoplasmic  inheritance  in,  315 
Paramylum,  354 
Paiapodium,  451 
Parasitic  insects,  531 
Parasitism,  350,  351 

adaptations  to,  420-421 
Parasitology,  21 
Parasphenoid  bone,  56 
Parasympathetic  nervous  system,   194, 

206,  207 
Parathormone,  231,  232 
Parathyroid  gland,  231-233 
Parathyrotropic  hormone,  246 
Parazoa,  346,  375 
Parenchyma,  402,  405,  421 
Parental  care,  254,  628 

generation,  299 
Parietal  bone,  102 

lobe  of  cerebrum,  197 

mesoderm,  282 

peritoneum,  60,  448 
Parrot,  625 

Parthenogenesis,  253-254 
Parturition,  79,  110,  116,  242,  262,  292 
Passeriformes,  625 
Pasteur,  319 
Patella,  111,  512 
Pathology,  21 
Pauropoda,  490,  515 
Pauropos,  490 
Pavlov,  141,  210 

pouch,  141 
Peacock  worm  (see  Sabella),  454 
Peanut    worm     (see     Sipunculoidea), 

348,  462-465 
Pearl,  477 
Peas,  inheritance  in,  297,  298,  299,  303, 

304 
Pecten,  471,  476,  548 
Pectinatella,  482 
Pectoral  girdle  of  frog,  58 

of  human  being,  109 
Pedal  disc  of  Metridium,  396 
Pedicellaria,  542,  545,  547,  550 
Pedicellina,  442 
Pediculati,  590 
Pedipalpi,  514,  515 
Peduncle,  511 
Pelecaniformes,  625 
Pelecypoda,  468,  471-477 
Pelican,  618,  619,  624,  625 
Pellagra,  146 
Pellicle,  353,  368 
Pelmatohydra,  386 
Pelobatidae,  596 
Pelvic  girdle,  110 

vein,  68  ... 


Pelvis  of  kidney,  188 
Pelycosauria,  604,  626 
Pen  of  squid,  479 
Penaeus,  507,  508 
Penetrant,  385 
Penguin,  620,  625 
Penis,  258 

bone.  111 
Pentastomida,  489,  515 
Pepsin,  138 
Peranema,  358 
Perca,  84,  197,  583-586 

classification,  46,  567,  582,  590 

economic  importance,  588 
Perch  (see  Perca) 
Percomorphi,  590 
Pericardium,  60,  63,  162 
Perilymph,  222 
Period,  contraction,  124 

latent,  124 

menstrual  cycle,  262,  263 

refractory,  124,  173 

relaxation,  124 
Periodic  table,  25-26 
Periophthalmus,  592,  593 
Periosteum,  96,  117 
Periostracum,  472 
Peripatus,  489,  490-492 
Peripheral    nervous    system,    69,    71, 

203-205 
Perisarc,  391 

Perissodactyla,  630,  639-640 
Peristalsis,  142,  563 
Peristomium,  450,  455 
Peritoneum,  60,  128,  448 
Periwinkle  (see  Littorina),  476 
Permafrost,  653 

Permian  period,  343,  568,  613,  626 
Peromyscus,  632,  636 
Perradius,  395 
Perrin,  33 

Perspiration  (see  Sweat) 
Petrel,  625 

Petromyzon,  567,  571-574 
Petromyzontia,  571 
pH,  30 

Phalanges,  56,  58.  109,  110 
Pharyngeal  crossover,  131 

region,  148 
Pharynx,  53,  61,  131.  149,  151 
Phases  of  mitosis,  270-272 
Pheasant,  618.  619,  623,  625 
Phenotype,  299 
Phenotvpic  ratio,  299 
Philodina,  440-441 
Phocaena,  630 
Pholidota,  630,  635 
Phoronida.  348,  484,  485 
Phoronis,  482 
Phosphates,  organic,  120,  121 
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Phosphocreatine,  120 
Phosphoric  acid,  120 
Phosphorus,  26,  29,  35,  93,  94,  145,  146, 
650 
blood  level,  232,  233 
metabolism  of,  231-232,  250 
Photophore,  82 
Phototaxis,  355 
Phrenic  artery,  168 

vein,  168 
Phrynosoma,  607 
Phylogeny,  644-647 
Phyllostomus,  630 
Phylum,  44,  344 
Physalia,  393,  397 
Physeter,  632,  637 
Physical  changes  in  muscle,  122 
Physics,  25-35 
Physiology,  21 
Phytomastigina,  353-357 
Pia  mater,  71,201 
Piciformes,  625 
Pickerel.  419 
Pig,  88,  91,  263,  630,  640 
gestation  period,  292 
parasites  of,  430,  434.  435,  445,  461, 
516 
Pigeons,  131,  197,  625 
Pigment,  82,  217,  249,  503 

cells,  216,  217.  247 
Pigmentation,  82 
Pike.  419,  587.  588,  589,  590 
Pilidium,  422 
Pimple.  81 
Pineal  body,  69,  98.  199,  249 

eye,  571 
Pinna,  220 
Pinnipedia,  638 
Pinnule,  553 

Pinworm  (see  Enterobius),  435 
Pipa.  596.  599 
Pipefish.  590 
Pipidae,  596 

Pisces,      567      (see     also     individual 
classes) 
origin  and  development,  567-570 
Pit  viper.  608,  609.  610 
Pithecanthropus,  642 
Pitocin,  247-248 
Pitressin,  247-248 

Pituitary  gland,  69,  72,  103,  199,  243- 
248 
anterior  lobe,  72,  243,  244-247 
intermediate  lobe,  72.  243,  247 
posterior  lobe,  72,  243,  247-248 
Pituitrin,  247,  248 
Pituophis,  608 
Placenta,  164,  182,  242,  292 
Placobdella,  449 
Placodermi,  567,  568,  594 


Flaccid  scale,  83,  84,  87,  575 
Planaria,  401-409 
classification,  45,  347 
nervous  system,  212 
Plane,  frontal,  51 
median,  51 
sagittal,  51 
transverse,  51 
Plankton,  554,  660 
Plant  bug,  539 

nematode,  429 
Planula,  385,  391,  393.  395 
Plasma,  blood,  178-179 

membrane,  267,  269 
Plasmagel,  359 
Plasmagene,  315,  372 
Plasmasol,  359 

Plasmodium,  352,  363,  365-367 
Plasmodroma,  353 
Plastron,  604 
Platelet,  178,  179,  180 
Platydorina,  355,  644 
Platyhelminthes,  347.  401-422,  645 
characteristics,  402-403 
classes,  404 
classification,  45,  347 
nervous  system,  192,  212 
reproduction,  252 
Platypus,  256 
Plectognathi,  590 
Pleistocene  epoch,  342.  641,  642 
Plerocercoid  larva,  419 
Plesiosaur,  603,  612,  613 
Plethodon,  596,  598 
Plethodontidae,  596,  597,  598 
Pleura,  152,  153 

of  Cambarus,  492 
Pleural  cavity,  153 
Pleurisy,  153 
Pleurobrachia,  399-400 
Pleurobranch,  502 
Pleurum,  522 
Plexus,  171 
brachial,  204 
cervical,  204 
lumbar-sacral,  204 
Pliocene  epoch,  333,  342,  641 
Pliohippus,  333 
Pluteus,  549.  550 
Pneumonia,  158 
Podical  plate,  523 
Podobranch,  501 
Podophrya,  352,  374 
Poikilothermic   animals,    76,    160,    174. 

649 
Point,  pivot,  106,  107 
Poison  gland.  54.  82,  131 
Polar  body,  275.  277 
Polian  vesicle,  552 
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Poliomyelitis,  210 

Polychaeta,  449,  450-454 

Polydactyly,  318 

Polydon,  569,  582,  589,  590 

Polyembryony,  520 

Polyergus,  534 

Polygordius,  449,  450 

Polymorphonuclear  leucocytes,  178 

Polyorchis,  397 

Polyp,  383,  385,  391,  393,  395 

Polypide,  483 

Polypterini,  590 

Polypterus,  569,  582,  589,  590 

Polysaccharide,  31 

Polyzoa  (see  Bryozoa),  348,  482-484 

Pomoxis,  590 

Pond  succession,  658 

Pons,  199,  200,  201 

Pool  communities,  663 

Population,  667-669 

fluctations,  668 

growth,  667-668 
Porcupine,  76,  91,  637 
Porifera.  45,  346,  375-382,  645 

characteristics,  376-377 

classes,  381-382 
Pork  tapeworm   (see  Taenia  solium), 

404,  417,  418 
Porocephalus,  489 
Porpoise,  628,  630,  637 
Portal   system,    hepatic,   66,    168,    169, 
415 
renal,  66 
Portuguese    man-of-war    (see    Physa- 

lia),  393,  397 
Postanal  tail,  554,  566 
Postcaval  vein,  163,  168 
Posterior  chamber  of  eye,  217 

lobe  of  pituitary,  72,  243,  247-248 
Potassium,  26,  29,  236,  269 

level  in  blood,  235 
Potato  beetle,  535 
Poultry,  241 

inheritance  in,  301,  305,  310-311 

parasites  of,  432,  461 
Prairie,  651,  654,  669 

dog,  630,  637 
Prawn,  507 
Praying  mantis,  530 
Preadaptation,  330 
Precaval  vein,  163,  168 
Precocial  bird.  621 
Preen  gland,  79 
Preformation,  278 
Pregnancy,     115,     182,    242,    247-248, 

263 
Premaxilla.  57,  102,  103 
Premolar,  87,  88,  130 
Prepuce,  258 


Pressure,  air,  155,  221 

blood,  174-175,  247 

diastolic,  175 

osmotic,  160,  186 

pulse,  175 

sense  organ,  213 

systolic,  175 
Prey,  130 

Priapulida,  347,  443,  445 
Priapulus,  442 
Primary  oocyte,  275 

spermatocyte,  273 
Primates,  44,  256,  263,  628,  630,  634- 

635,  641 
Primitive  streak,  284 
Primordial  germ  cell,  273,  275,  287 
Prismatic  layer,  472 
Pristis,  576,  580,  581 
Proboscidea,  630,  639 
Proboscis,  of  Acanthocephala,  443 

of  Echiuroidea,  463 

of  Enteropneusta,  556 

of  Nemertina,  421,  422 
Procavia,  630,  639 
Procellariiformes,  625 
Procercoid,  419 
Process,  100 

acromion,  109 

inferior  articular,  105,  106 

jugal,  103 

mastoid,  103 

odontoid,  106,  113 

olecranon,  109 

superior  articular,  105,  106 

transverse,  105,  106,  107 

xiphoid,  108 
Procyon,  630 
Progesterone,  242,  263 
Proglottids,  416 
Prolactin,  246,  247,  262 
Pronephros,  185 
Pronghorn,  88 
Pronotum,  522,  523 
Pronucleus,  277 
Prootic,  56 
Prophase,  270-271 
Prosopyle,  379 
Prostate  gland,  258 
Prostatic  fluid,  258 
Prostomium,  450,  455 
Protection,  100,  105.  107 

skeletal  system,  92-93 

skin,  75-76 
Protective  coloration,  336 
Proteidae,  596 
Protein,  31-32,  145 

metabolism,  235 
Proterozoic  era,  343 
Prothorax,  522 
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Prothrombin,  179,  180 

Protochordates,  45,  561 

Proton,  25,  28 

Protonephridial  excretory  system,  403, 

421,  439 
Protoplasm,  35-36,  266 
Protoplasmic  bridges,  356 
Protoplast,  267 
Protopodite,  495,  496,  498 
Protopterus,  583,  591,  593 
Protostomia,  646 
Prototheria,  627,  629 
Protozoa,  44,  45,  346,  349-374,  644 

characteristics,  350-352 

classification,  44,  45,  346,  352-353 

Protozoea,  508 

Protozoology,  21 

Protractor,  472 

Protura,  536 

Proventriculus,  519,  523,  524 

Pseudemys,  605,  606 

Pseudocoel,  346,  424,  453 

Pseudocoelomate,  346,  347 

Pseudopodium,  350,  352,  359 

Pseudoscorpion,  513,  515 

Psittaciformes,  625 

Psocid,  538 

Pteranodon,  614 

Pterocera,  476 

Pterophryne,  592 

Pteropod,  470,  476 

Pterosauria,  603,  613,  614,  615 

Pterygoids,  57 

Pterygota,  538-540 

Ptyalin,  131,  138,  139 

Puberty,  110,  151,241,259,262 

Pubic  symphysis,  110,  242 

Pubis,  58,  110 

Puffbird,  625 

Pulmo-cutaneous  artery,  64 

Pulmonary  artery,  65,  162,  164,  166 

circulation,  161,  163,  166 

vein,  64,  66,  164,  166 

Pulmonate  snail,  470 
Pulp  cavity,  86,  87 
Pulse  pressure,  175 
rate,  211,  230 

Pulvillus,  522,  523 
Punnett  square,  299,  300 
Pupa,  520 
Pupil,  217,  218 
Purkinje,  266 
Pycnogonida,  489,  515 
Pygidium,  509,  510 
Pyloric  stomach,  61,  132,  133,  135 
valve,  61,  132,  142,  143 

Pyramid,  renal,  188 


Q 

Quadratoj  ugal  bone,  57 
Quadruped,  109,  110 
Quahog  (see  Venus),  476 
Quail,  620,  622,  623,  625 
Quaternary  period,  342 
Queen,  532,  533,  534,  535 
Quill,  76 

R 

Rabbit,  135,  241,  630,  635,  636,  671 

parasites  of,  363 
Racoon,  630,  638 

Radial  canal,  of  coelenterates,  393,  395 
of  echinoderms,  546,  552 
of  sponges,  378,  379 
Radial  symmetry,  345 
Radiata,  347 
Radiating  canal,  369 
Radiation,  311,  312,  316 
Radical,  30 
Radioactive  iodine,  229 

isotope,  27 
Radiolaria,  362 
Radio-ulna,  58 
Radius,  109 
Radula,  467,  470 
Rail,  625 

Rain  forest,  temperate,  651,  657 
tropical,  651,  655-656 
winter,  651,  656 
Rainbow  trout,  590 
Raja,  576,  580 

Rana  catesbeiana,  48,  53,  56,  57,  59,  62, 
65,  67,  70,  71,  73,  596,  598,  599 
pipiens,  47-74,  598,  599,  601 
classification,  596 
efi'ect  of  isolation,  328-329 
Ranidae,  596,  598 
Rapids  communities,  663 
Rat,  44,  46,  81,  85,  88,  107,  167,   188, 
241,  630 
gestation  period,  292 
reproduction,  256,  263 
Rate,  basal  metabolic,  157 
blood  flow.  174-175 
digestion,  211 
fat  deposition,  228 
heart  beat,   174,   193,  228,  229,  230, 

234 
metabolism,  228,  229,  230 
metamorphosis,  231 
nerve  conduction,  195,  232 
pulse,  211,  230 

respiratory,  155-156,  229,  230 
Rattlesnake,  91,  609,  610 
Rattus  norvegicus,   44,   636    (see  also 
Rat) 
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Ray,  42,  567,  568 
Reaction,  651 

Recapitulation,  law  of,  647 
Receptor,  78,  196,  209,  210 
chemical,  214-215 
light,  217,  218 
sense,  211-224 
Recessive,  298 
Recipient,  181,  182 
Rectal  gland,  577 
Rectum,  61,  135,  142,  144,  519,  523 
Rectus  abdominis,  60 
Red  blood  cell  (see  Erthyrocyte) 
Red  elf,  598 
Red  spider,  516 
Red  tide,  357 
Redi,  319 
Redia,  411,  413 
Reflex,  174,  196 
arc,  195,  196,  209-210 
center,  203 
conditioned,  210 
inherited,  210 
learned,  210 
pupillary,  217,  218 
unconditioned,  210 
visual,  199 
Refractory  period,  208 
Regeneration,  253,  390 
crayfish,  505 
earthworm,  461 
echinoderm,  544,  548,  549,  553 
hydra,  390 
planaria,  408 
Relaxin,  242 
Remora,  589,  590 
Renal  artery,  168 
portal  system,  66 
pvramid,  188 
vein,  67,  168 
Renette  cell,  425 
Rennin,  138 
Reproduction,  24 
asexual,  252,  253 
binary  fission,  351 
Reproductive  system,   Acanthocephala, 
444 
annelids,  449. 
Cambarus,  504 
chordates,  560 
echinoderm,  544 
flatworm,  403 
frog,  72-74 
insect,  526-527 
mammal,  629 
mollusc,  568 
perch,  586 

roundworm,  425-426 
shark,  579 
vertebrate,  40,  252-265 


Reptilia,  601-614 
characteristics,  602-603 
circulatory  system,  162,  165,  166 
classification,  46,  559,  561,  567 
digestive  system,  130 
embryology,  284,  290-291 
endocrines,  247 
nervous  system,  197,  199 
respiratory  system,  148,  149,  151,  154 
urinary,  185,  186 

Reservoir,  353 
Residual  air,  156 

Respiration,  62,  77,  154,  156,  229,  230 
cellular,  146 
external,  154 
internal,  154 
mechanics,  154-155 
physiology,  153 
rate  and  control,  155-156 
tissue,  146 
Respiratory  system,  bird,  616 

chordates,  560 

crayfish,  501-502 

frog,  62-63 

insect,  525 

mollusc,  468 

perch,  586 

pigments,  177 

reptile,  602 

shark,  579 

tree,  543,  551,  552,  553 

vertebrate,  40,  147-158 
Response,  196,  203,  210,  230 
Rete  testes,  257 
Reticular  layer,  80 
Reticulum,  132 
Retina,  217,  218,  219,  220 
Retinula,  502,  503 
Retractor,  472 
Rhabdite,  404 
Rhabdome,  502,  503 
Rh  factor,  181,  182 
Rhea,  623 
Rheiformes,  623 
Rhesus  monkey,  635 
Rheumatism,  237 
Rhincodon,  576,  580 
Rhineura,  607 
Rhinoceros,  88,  630,  640 
Rhizome,  391 

Rhizopoda   (see  Sarcodina),  352,  359- 

362 
Rhynchocephalia,  603,  611-612 
Ribbon   worm    (see   Nemertina),   347, 

421-422 
Riboflavin,  146 
Ribs,  106,  107,  108,  154,  155 
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Rickets,  146,  233 

Ridge,  130 

Ring  canal,  393,  395,  543,  546,  551 

stage  of  malaria,  365 
Road  runner,  625 
Rock  lobster  {see  Panulirus),  507 
Rocky  Mountain  fever,  516 
Rodentia,  628,  636-637 

classification,  44,  630 

digestive  system,  130,  134 

excretory  system,  190 

integumentary  system,  87,  88 
Rods  of  eye,  217,  218 
Romalea  microptera,  44,  521-527 
Root,  of  nerve,  196,  203,  204 

of  tooth,  86 
Root-knot  nematode  {see  Heterodera) , 

429.  430 
Rostrum,  492 
Rotifera,  347,  438-441 
Round  ligament,  261 
Roundworm  {see  Nemathelminthes) 
Royal  jelly,  534 

pair,  532,  535 
Royal  Society  of  London,  266 
Ruling     reptiles     {see     Archosauria), 

603,  612,  613 
Rumen,  132 

Ruminant,  131,  132,  133,  373 
Running-water  communities,  663 


Sabella,  454 

Saber-toothed  tiger,  330 
Sac,  152 

Saccoglossus,  556-558 
Saccopharynx,  590 
Sacculina,  507 
Sacculus,  221,  223,  224 
Sacral  cord,  206,  207 

nerves,  204 

vertebrae,  105,  107 
Sacrum,  107 
Sagitta,  348,  554-556 
Salamander.  46,  77,  166,  294,  567,  650 
Salamandridae,  596 
Saliva,  77,  131,  138,  139,  142 
Salivary  glands,  131,  137,  519,  524 
Salmo,  590 
Salmon.  587,  588,  590 
Salpa,  561 
Salts.  29;30 

ecological  factor,  650 

iodized,  229,  230 
Sand  dollar,  45,  541,  542,  544,  550,  551, 

553 
Sandfly,  359 
Sandpiper,  624 


Sandworm    {see  Neanthes),  449,  450- 

453 
Saprophagous,  429 
Saprozoic,  350 
Sarcodina,  352,  359-362 
Sarcolemma,  116,  195 
Sarcoplasm,  115,  126,  195 
Sarcoptes,  515,  516 
Sargassum  fish,  592 
Sauria,  606 
Saurischia,  604,  613 
Sauropod,  613 
Sauropterygia,  603 
Sawfish.  576,  580,  581 
Sawfly,  539 
Scale  insects,  535,  539 
Scales,  75,  83-85 

Scallop  {see  Pecten),  471,  476,  548 
Scalopus,  633 

Scaly  anteater,  85,  630,  632,  635 
Scaphiopus,  596,  599 
Scraphognathite,  498,  501 
Scaphopoda,  468,  469 
Scapula,  58,  101,  109 
Sceloporus,  607 
Schistosome,  415 
Schistosomiasis,  415 
Schizocoel,  447.  484,  487,  542 
Schizogony,  363 
Schizont,  363,  364-365 
Schleiden,  266 
Schwann,  266 
Sciatic  artery,  66 

vein,  67 
Science,  17,  18 
Scientific  experiment,  19,  20 

law,  19 

method.  18-19 

name,  43-45 
Sciurus,  630 
Sclater,  340 
Sclerite,  522 
Scleroblast,  376 
Scleroparei,  590 
Sclerotic  coat,  215,  216 
Sclerotized,  487 
Scolex,  416 

Scolopendrella,  490     • 
Scomber,  588.  589.  590 
Scorpion.  489,  513,  515 
Scrotum,  240,  255,  256 
Sculpin.  590 
Scurvy,  146 
Scutigera.  517 
Scutigerella,  490 
Scypha, 377,  381 
Scyphistoma,  395 
Scyphozoa,  386,  393-395 


i 


Index- 


US 


Sea  anemone,  45,  386,  395,  396 

cow,  630,  632,  639 

cucumber.  45,  541,  543,  544,  551-553 

fan,  386,  397 

horse,  589,  590 

lamprey  (see  Petromyzon),  567,  571- 
574 

lily,  544,  553 

mouse,  (see  Aphrodite),  454 

pansy,  395 

pen,  386,  395 

snake,  610 

spider  (see  Nymphon),  489,  516 

urchin,  45,  276,  348,   541,   542,   544, 
550-551,  553 

walnut    (see   Ctenophora),   45,   347, 
397-400,  645 

worm,  45 
Seal,  256,  638 

Seatworm  (see  Enterobius),  435 
Sebaceous  gland,  81 
Sebum,  78,  81 
Second  wind,  122,  156-157 
Secondary  oocyte,  275 

spermatocyte,  275 
Secretin,  141,  142,  248 
Secretion,  38-39 
Segment,  192 
Segmentation,  of  animals,  346,  447 

of  small  intestine,  143 
Segregation,  301 
Selachii,  576 
Selective  apparatus,  445 
Sella  turcica,  103,  150,  243 
Semen,  258 

Semicircular  canals,  221,  223,  224 
Semilunar  valve,  63,  162,  163,  172 
Seminal  receptacle,  407 

vesicle,  73,  258 
Seminiferous  tubule,  240,  255,  257 
Sensation,  192,  213,  214.  218,  221 
Sense  organ,  71,  77,  130,  192,  193,  211- 

224,  530,  531 
Sensory  cells,  217 

nerve,  196,  203 
Sepia,  481 
Septum.  161 

annelids,  448 

Aurellia,  395 

mediastinal,  153 

Metridium,  396 

scrotum,  241 

testis,  241 

ventricular,  162,  172 
Sere,  657 

Serial  homology,  496 
Serological  test,  325 
Serous  layer,  135,  136 
Serpentes,  606 
Serum,  181,  182 


Sesamoid  bone.  111 
Seta,  447,  455 
Sex.  240,  307,  308 

behavior,  240,  241,  242 

cells,  255,  279 

chromosome,  308 

determination,  308-309 

influenced  character,  310 

hormones,  236,  240-243 

linkage,  307-311 
Sex-Hmited  character,  310 
Sex-linked  character,  309-311 
Sexual  characters,  236,  240,  241,  242, 
243,  250 

reproduction,  252,  253,  254,  351,  352, 
370-372 
Seymouria,  601,  602,  603,  612 
Shad,  590 
Shaft,  107 

Shagreen  skin,  83,  581 
Shark,  46,  83,  87,  100,   164,  567,  568, 

587  (see  also  Squalus) 
Sheep,  132,  231 

Hver  fluke  (see  Fasciola),  404,  409- 
411 

parasites  of,  409-411,  420,  430 
Shell,  clam,  472 

gland,  479 

mollusc,  467 

protozoan,  351 

turtle,  75 
Shipworm  (see  Teredo),  468,  476,  477 
Shock  syndrome,  668 
Shrew,  628,  630,  632,  633-634 
Shrimp,  249,  380,  507,  508 
Sibbaldus,  637 

Sieve  plate  (see  Madreporite) 
Sight,  205 

Silk  gland  of  spider,  512 
Silkworm  (see  Bombyx),  535 
Silurian  period,  343,  482,  509,  568,  575, 

579 
Silverfish,  536 
Simple    sugar    (see    monosaccharide), 

31 
Simulium,  437 
Sinanthropus,  642 
Sino-auricular  node,  171 
Sinus,  carotid,  214 

ethmoid,  103,  150 

frontal,  103,  150 

gland,  249,  504 

kidney,_  188,  189 

sphenoid,  103,  150 

subcutaneous,  68 

venosus,  63,  66,  68,  161,  162,  172 
Siphon,  473,  478,  562 
Siphonaptera,  540 
Siphonoglyph,  396 
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Siphonophora,  393 

Siputiculoidea,  348,  462-465 

Sipunculus,  465 

Siren,  596,  598 

Sirenia,  630,  639 

Sirenidae,  596 

Sistrurus,  609 

Six-hooked  embryo   (see  oncosphere), 

418 
Skate,  568 
Skeletal  muscle,  58,  116,  122-126,  190 

system,  40,  55,  58,92-113 
Skeleton,  appendicular,  58,  109-110 
arthropod,  487 
axial,  55-57,  100-108 
frog,  55-58 
perch,  583,  585 
Squalus,  577 
starfish,  542,  545 
vertebrate,  92-113 
visceral,  56,  108,  130 
Skin,  47-74 
frog,  54-55,  62-63 
inheritance  of  color,  306 
Skink,  607 

Skull,  55,  56,  57,  100-104 
Skunk,  76,  82,  129,  134-135,  630,  638 
Slave-making  ants,  534 
Sleep,  211 

Sleeping  sickness,  358 
Slider,  605,  606 

Slipper  animalcule  (see  Paramecium) 
Sloth,  630,  635 
Slug,  468,  471 

Small  intestine,  61,  134-135,  138 
Smell,  214 

Smooth  muscle,  58,  115-116,  124 
Snail,  45,  92,  253,  348,  466,  468,  470- 
471 
as  intermediate  host,  410,  413,  414, 
415 
Snake,  46,  75,  131,  195.  220,  254,  567, 

603,  606,  608-610,  612,  613 
Snapdragons,  inheritance  in,  300 
Snapper,  605,  606 
Sneeze,  157 
Snore,  157 

Social  insects,  532-535 
Sodium,  26,  29,  186,  236,  269 
bicarbonate,  160 
chloride,  235 
level  in  blood,  235,  250 
Soft-shelled  turtle,  605,  606 
Soil,  229 
Sol,  33,  359 
Soldiers,  532,  533,  535 
Sole,  590 

Solenichthyes,  590 
Solenogastres,  469 


Solpugida,  514,  515 
Solute,  32 
Solution,  32-33,  35 
Solvent,  32 
Somatic  cells,  279 

mesoderm,  282,  288 
Somatopleure,  290 
Somite,  288 
Song,  241 
Sorex,  630,  634 
Soricidae,  633 
Space,  intercostal,  107 
Spadefoot  toad  (see  Scaphiopus),  596, 

599 
Sparrow,  617,  671 
Species,  42,  43,  44 
Speech,  130 
Sperm,  38,  189,  240,  252,  253,  255,  257, 

258-259,  275,  276,  293,  297 
Sperm  whale,  632,  637 
Spermatic  cord,  258 
Spermatid,  257,  275 
Spermatocyte,  257,  273,  275 
Spermatogenesis,  273-275 
Spermatogonium,  257,  273 
Spermatophore,  480,  491,  597 
Spermatozoan  (see  Sperm) 
Sphenethmoid  bone,  56 
Sphenisciformes,  625 
Sphenodon,  600,  603,  604,  611,  612,  614 
Sphenoidal  bone,  243 

complex,  102,  103 
Spherical  symmetry,  345 
Sphincter   muscle,    59,    119,    132,    142, 

143,  189 
Sphyrna,  576,  580 
Spicule,  376,  377,  426 
Spider,  45,  489,  509,  511-513 
Spider  monkey,  635 
Spinal  column,  101,  204,  206 
cord,  69,  70.  202-203 
ganglion,  195 
nerves.  71,  203-204 
Spindle  fibers,  270,  271 

of  mitosis,  271 
Spine,  neural,  105,  106,  107 
of  scapula.  109 
of  sea  urchin,  550 
Spinneret,  512 
Spiny  anteater,  629,  631 
Spiracle,  512,  523 
Spiral  valve,  63,  571,  577 
Spirobolus,  489 
Spirostomum,  372 
Splanchnic  mesoderm,  282,  288 
Spanchnopleure,  290 
Spleen,  61,  177,  178 
Splenic  artery,  167 
Sponge,  45,  147,  252,  253,  255,  346,  650 
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Spongia,  379,  381 

Spongillidae,  382 

Spongin,  377 

Spongocoel,  377,  379 

Spoonbill,  569,  582,  589,  590 

Spore,  316,  351 

Sporocyst,  410,  413 

Sporogony,  363,  364,  365 

Sporozoa,  352,  363-367 

Sporozoite,  364,  365,  367 

Spring  peeper  (see  Hyla),  596,  599 

Springtail  (see  Collembola),  536 

Spur,  91,  241 

Squalus,  83,  567,  576-579,  580 

Squamata,  603,  606-610 

Squamosal  bone,  57 

Squid,  45,  209,  212,  348,  466,  468,  477- 

480,  637 
Squilla,  507 
Squirrel.  630,  637 

Standing-water  communities,  660-663 
Stapes,  220,  221,  222 
Starch.  31.  138,  140 
Starfish.  45.  92.  148,  253,  348,  541,  542, 

543,  544-549 
Statoblast,  482,  483 
Statocyst,  393,  503.  543 
Stegosaurus,  613,  614 
Stem  reptiles  (see  Cotylosauria) 
Stentor,  373 
Sterility,  146.  257 
Sternebrae,  108 
Sternum,  of  Cambarus,  492 

of  insect  522 

of  vertebrate,  58,  107,  108 
Steroid,  236,  241,  242 
Stickleback,  590 
Sties.  81 
Stimulus,  24 
Stinging    capsule     (see    nematocyst), 

384.  385.  387 
Stingray,  576.  580,  581 
Stink  bug,  539 

Stirrup  (see  stapes),  220,  221,  222 
Stolon.  391 
Stomach,  132-133 
Stomach-intestine,  457 
Stomodaeum.  426 
Stone  canal,  543,  546,  552 
Stork,  625 
Stratum  compactum.  54,  55 

corneum.  54.  55.  79 

germinativum,  54,  55,  79 

granulosum,  79 

lucidum,  79 

spongiosum,  54.  55 
Stream  communities,  663 
Striated  muscle  (see  skeletal  muscle), 
58,  116,  122-126,  190 


Strigiformes,  625 

Strobila,  395 

Strongylura,  590 

Struthioniformes,  623 

Sturgeon.  83,  569,  582,  589,  590 

Styela.  293 

Stylaria.  461 

Stylet,  429 

Stylotella,  382 

Subclavian  artery.  65,  166,  167 

vein,  66.  168,  183 
Subcutaneous,  80 
Subesophageal  ganglion,  502,  526 
Sublittoral  zone.  664.  665-666 
Submentum,  521,  522 
Submucosa.  135,  136 
Subpharyngeal  ganglion,  459 
Subumbrella,  393 
Subunguis,  85,  86 
Subvertebral  lymph  sinus,  69 
Succession,  657-659 
Sucker,  402,  411,  462,  478 
Sucker  fish.  590 
Suckfish.  589,  590 
Sucking  lice,  539 
Sucrase,  139,  140 
Suctoria,  352,  373,  374 
Sugar,  31,  34-35,  145,  238 

beet    nematode     (see    Heterodera), 
429,  430 
Sulcus.  198 

Sulphur-bottomed  whale,  637 
Summation,  124,  173,  209 
Sun  animalcule  (see  Heliozoa) 
Sun  spider,  514 
Sunfish,  46,  84,  590 
Supplemental  air,  156 
Supraesophageal  ganglion,  502,  526 
Supraorbital  ridge,  215 
Suprapharyngeal  ganglion,  459 
Suprarenal  artery,  233 

body      (see     Adrenal     medulla     or 
Cortex) 
Survival  of  the  fittest,  323 
Sus  (see  Pig) 
Suspension,  33 
Suture,  100,  104,  113 
Swallow.  624 
Swan.  151,  625 
Sweat.  77,  78.  186.  239 

gland.  39,  77,  82 
Swift,  625 

Swim  bladder.  582.  586 
Swimmeret,  495,  496,  499 
Swine  (see  Pig) 
Swordfish,  587,  589 
Sycon,  379 

Sylvilagus,  630,  635,  636 
Symbiosis,  350,  351 
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Symmetry,  345 
Sympathetic  ganglia,  234 

nervous  system,  194,  206,  207,  250 

trunk,  203 
Sympathin,  207 
Symphyla,  490,  515 
Symphysis,  100,  110 
Synapse,  195,  210,  232 
Synapsida,  604,  612 
Synapsis,  273 
Synaptosauria,  603 
Synarthrosis,  112-113 
Syncytium,  424,  440 
Syndactyly,  315 
Synentognathi,  590 
Synergists,  118 
Syngamy,  253,  351,  352 
Syngnathus,  590 
Synovial  fluid,  96,  113 
Synthesis  of  hormone,  226,  228 
Syrinx,  150 

Systema  Naturae,  42,  43 
Systematics,  41 
Systemic  arch,  64,  65 

circulation,  64,  161,  163,  164 
Systole,  172,  174,  175 
Systolic  pressure,  175 


Tachyglossus,  629,  631 
Tactile,  212 
Tadpole,  50 

larva,  563 
Taenia  saginata,  418 

solium,  404,  417,  418 
Tail,  of  bird,  78 

epididymis,  257 

fish,  587 

frog,  50 

mammal,  167 

sagitta,  554 

sperm,  258,  275 
Tapetum  cell,  503 

Tapeworm,  45,  178,  347,  401,  416-420 
Tapir,  630,  639 
Tapirus,  630 
Tardigrada,  489,  515 
Tarpon,  590 
Tarsals,  56,  58,  101,  110 
Tarsier  (see  Tarsius),  632,  635 
Tarsius,  632,  635 
Tarsus,  512,  522,  523 
Taste,  214,  215 

bud,  54,  71,  130,  213,  214 

pore,  214 
Taxonomy,  21,  41,  42 
Tear,  216 
Tectin,  351 
Tectorial  membrane,  222,  223 


Teeth,  86-88,  130,  131,  239,  636 
hinge,  472 
maxillary,  53 
pseudocardinal,  472 
vomerine,  53 
Telencephalon,  196-198,  202 
Teleostei,  569,  570,  582,  590 
Telolecithal  egg,  283-284 
Telophase,  271-272 
Telson,  495 
Temperature,  160 
Temple,  120 

Temporal  bone,  102,  103,  221 
lobe  of  cerebrum,  197,  200 
Tendon,  59,  111,  117,  155 
Tentacles  of  coelenterates,  384 
ctenophores,  398,  399 
Neanthes,  451 
sipunculids,  465 
squid,  478 
Suctoria,  373,  374 
Tentaculata,  399-400 
Teredo,  468,  476,  477 
Tergum,  492,  522 
Termites,  351,  357,  532-533,  538 
Terrapene,  605 

Terrestrial  animals,  105,  153,  190,  220, 
486 
life,  290,  592,  593,  594,  595,  602 
Territories  of  birds,  621 
Tertiary  period,  342 
Test,  of  protozoan,  351 
of  sea  urchin,  550 
of  tunicate,  561,  562 
Testis,  73,  240-241,  255-257 
Testosterone,  241,  242,  255 
Testudo,  606 
Tetanus,  124,  125,  173 
Tetany,  231,  232 
Tetrad,  274 

Tetrapoda,  567,  592-625,  626-643 
Texas  cattle  fever,  363,  516 
Thalamus,  69,  199 
Thalassicola,  361 
Thaliacea,  561 
Thamnophis,  609 
Thecodontia,  603,  613,  614 
Theory,  19 

axial  gradient,  408 

cell,  265,  266 

continuity  of  germplasm,  279,  297 

diphyletic,  646 

epigenesis,  278-279 

membrane,  207-209 

mutation,  311 

preformation,  278 

recapitulation,  508 

survival  of  fittest,  327 

trochophore,  453 
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Therapsida,  604,  627 

Thermal  changes  in  muscle,  122 

Thermocline,  661,  662 

Thiamin,  146 

Thirst,  214 

Thoracic  basket,  107 

cavity,  129 

cord,  206 

duct,  169,  183 

enlargement,  202 

nerves,  204 

vertebrae,  105,  106,  107 

walls,  155 
Thorax,  488,  522 
Thorny-headed   worm    (see   Acantho- 

cephala),  347,  443-445 
Thrip,  539 
Thrombin,  179,  180 
Thrombocyte,  68 
Thrombokinase,  179,  180 
Thrombus,  179 
Thumb,  53 
Thumps,  432 
Thymus,  227,  249 
Thyone,  552,  553 
Thyroid,  72,  228-231,  597 

cartilage,  150,  151 
Thyrotropic  hormone,  245 
Thyroxin,  174,  225,  228 
Thysanoptera,  539 
Thysanura,  536 
Tibia,  101,  110.  512,  522,  523 
Tibio-fibula,  56,  58 
Tick,  367,  489,  514,  515,  516 
Tidal  air,  156 
Tiedemann's  body,  546 
Tiger  salamander,  596,  597 
Tinamiformes,  625 
Tinamou,  625 
Tissue,  36-38,  266 
Toad,  46,  130,  166,  197,  567,  596,  599, 

601,  650 
Toes,  110 
Tone,   muscle    (see   tonus),    125,    200, 

211 
Tongue,  53,  61,  77,  108.  130 
Tongue  worm    (see  Enteropneusta  or 

Pentastomida) 
Tonsil,  178 
Tonus,  125,  200,  211 
Tooth,  formula,  87-88 

shell  (see  Dentalium),  466,  468,  469, 
476 
Top  minnow.  588.  590 
Tornaria.  557,  558 
Torpedo.  576,  580,  581 
Torus.  83 
Toucan,  625 


Touch,  211,212,213 

organ,  13 
Trachea  of  arthropods,  488 

insects,  148,  525 

vertebrates,  151-152,  228 
Tracheoles,  525 
Training,  126 

Transplants  of  embryonic  tissue,   294 
Transverse  fission,  449 
Trap-door  spider,  513 
Trematoda,  404,  409-415 
Trembley,  390 
Trial  and  error,  390 
Triarthrus,  489 
Triassic  period,  342,  626 
Tribolium,  536 
Triceratops,  614 
Trichechus,  630 

Trichina  worm  (see  Trichinella) 
Trichinella  spiralis,  434-435 
Trichinosis,  434,  435 
Trichocyst.  368,  369 
Trichomonas,  357 
Trichonympha,  358 
Trichoptera.  540 
Trichuris,  435-436 
Tricuspid  valve,  162,  163,  164 
Tridacna,  471,  476 
Trilobita.  489,  509-510 
Trilobite  larva,  510 
Triploblastic,  398 
Triturus,  596,  598 
Trivium,  545 

Trochanter,  110,  512,  522,  523 
Trochophore,   449,   450,   452-453,   465, 

466,  482,  646 
Trogon,  625 
Trogoniformes.  625 
Trombiculid  mite,  516 
Trophic  hormones,  244-246 
Trophoblast,  285,  287 
Trophozoite.  363,  364,  365 
Trout,  46,  84  _ 

Truncus  arteriosus,  63,  64,  65 
Trunk  fish,  589.  590 
Trunk  of  frog,  51 
Trypanosoma,  357-359,  518 
Trypsin,  139 
Trypsinogen,  139.  248 
Tsetse  fly.  358.  536 
Tuatera,  600,  611,  612 
Tube  feet,  543.  545,  548,  549,  553 
Tubercle,  53,  107,  158 
Tuberculosis,  158 
Tuberosity,  109 
Tubifex,  449,  462 

Tubule,  kidney,  184,  185.  186,  188,  189 
Tubulidentata,  630,  638-639 
Tumor,  236,  239 
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Tuna,  588 

Tundra,  montane,  651,  656 

northern,  651,  653 
Tunic,  561,  562 
Tunica,  169,  170 
Tunicate,  561 
Tunicin,  561 

Turbellaria,  404-409,  645 
Turbinates.  103,  150 
Turkey,  625 

Turtle,    46,     75,    82,     91,     567,     603, 
604-606,  612,  613 

parasites  of,  463 
Twinning,  295 
Twins,  295 
Tympanic  canal,  221,  222 

membrane,  220.  221^  222,  526 
Tympanum.  523 
Type,  43 

Typhlosole,  457,  473,  571 
Tyrannosaurus,  614 

U 
Uca,  489,  507 
Ulna,  101,  109 
Umbilical  cord,  285,  292 
Umbo,  472 
Umbra,  590 
Umbrella  ant,  534 
Undulating  membrane,  357 
Unguis,  85,  86 
Ungulate,  130,  256,  628,  640 
Unit,  filtration.  185 

functional,  195,  196 
Universal  donor,  181 

recipient.  181 
Urea,  77,  78.  186,  190,  191 
Urechis.  464,  465 
Ureter,  72,  72,,  187,  189 
Urethra,  187,  189,  258 
Uric  acid,  186.  191 
Urinary  bladder,  61.  187.  191 

system,  40.  72,  184-191 
Urine,  72,  189-191,  233,  238,  242 
Urochordata,  561-564 
Urocyon,  630 
Urodela,  596,  597-598 
Uropod,  495.  496,  499 
Urostyle,  57 
Uterine  cycle,  263 
Uterus,    72,,    242,    247-248,    260,    261, 

262-263,  292.  579 
Utriculus,  221,  223,  224 
Uvula,  131,  150 

V 
Vacuole,  268 

contractile,  354.  360,  369 
food,  349,  360,  369 
water,  349 


Vagina,  260,  261 

Vagus  nerve,  200,  205 

Valve,  auricular-ventricular,  63,  163 

bicuspid,  163,  164 

heart,  173 

ileo-caecal,  134 

pyloric,  61,  132,  142,  143 

semilunar,  63,  163,  172 

spiral,  63,  64 

tricuspid,  163,  164 

vein,  170,  171,  175 
Vampire  bat,  133 
Varanops,  626 
Varanus,  608 
Varying  hare,  650 
Vas  deferens,  257 
Vasa  efferentia,  72,,  257 
Vasalius,  243 
Vasoconstriction,  201,  206 
Vasodilation,  201,  206 
Vegetal  pole,  280 
Vein,  66,  161 

adrenal,  169 

anterior  vena  cava,  66,  67 

azygos,  168 

caudal,  168 

cutaneous,  66 

dorsal  lumbar,  67 

femoral,  67 

gastro-epiploic.  168,  169 

hepatic,  68.  168 
portal.  66.  68,  169 

histology.  170,  171 

iliac,  68,  168 

iliolumbar,  168 

innominate,  66.  168,  183 

intercostal.  168 

jugular,  66.  68,  169,  183 

lumbar,  169 

mesenteric,  168 

pelvic.  68 

phrenic,  168 

postcaval,  163,  168 

posterior  vena  cava,  66,  68 

precaval,  163,  168 

pulmonary,  64,  66,  164,  166 

renal,  67,  168 
portal,  66,  67 

sciatic,  67 

splenic,  168,  169 

subclavian,  66,  168,  183 

ventral  abdominal,  68 
Velar  tentacle.  565 
Velella,  397 
Veliger,  466,  468.  476 
Velum,  386,  393,  565,  571 
Vena  cava,  anterior,  66 
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Venous  blood,  161 

circulation,  168-169 

system,  66-68,  168-169 
Ventral  abdominal  vein,  68 

nerve,  196,  203,  204 
cord,  192,  193 
Ventricle,  of  brain,  70,  198,  201,  202 

of  heart,  63,  64,   161,  162,  163,  164, 
165 
Ventriculus,  519,  523 
Venuole,  166,  168,  171,  175 
Venus,  476 

Venus's    flow^er    basket    (see    Euplec- 
tella),381,382 

girdle  (see  Cestum),  398,  399 
Vermiform  appendix,  129,  134 
Vermis,  199 
Vertebra,   56,   57,    105,   106,   107,   566, 

577 
Vertebral  column,  57,  104-105,  566 
Vertebrata,  classification,  44,  45,  46,  47, 
567  (see  also  class  desired) 

organ  system,  47-264 

origin  of,  559,  560,  646-647 
Vertex,  521,  522 
Vesalius,  243 
Vestibular  canal,  221,  222 

membrane,  222 
Vestibule,  221 
Vestibulum,  555 
Vestigial  organs,  324 
Vibrissa,  91 

Villus,  134,  136,  144,  292 
Vinegar  eel,  429 
Vinegeroons,  514 
Viscera,  60,  128 
Visceral  mass,  467,  472 

organs,  235 

peritoneum,  60,  128,  448 

skeleton,  56,  108,  130 
Vision,  217,  218,  219 
Visual  purple,  217 
Vital  capacity,  156 
Vitamins,  128,  145-146,  588 

A,  146,  217,  581 

Bi,  146 

B2,  146 

C,  146 

D,  146,  233 

E,  146 

K,  146,  179,  180 

niacin,  146 
Vitelline  gland   (see  yolk  gland),  407 

membrane,  520,  527 
Vitreous  humor,  215,  217 
chamber  of,  215,  217 
Viviparous,  254 
Vocal  cords,  54,  63,  150,  151 

sacs,  53,  63 


Voice,  151,  236,  241 

box,  151 
Vole,  636 
Voluntary      muscles      (see      Skeletal 

muscles) 
Volvent,  385 

Volvox,  352,  355-356,  644 
Vomer,  56,  103 
Vomiting,  224 
Von  Baer,  324 
Vorticella,  373 
Vulture,  625 
Vulva.  261 

W 

W  chromosome,  310,  311 

WZ  sex  determination,  310,  311 

Walking  legs  of  Cambarus,  495,  496, 

498,  499 
Walking  stick,  538 
Wall,  cell  (see  Cell  membrane) 
Wallace,  321,  322,  340 
Walrus,  638 
Warble  fly,  535 
Wasp,  539 
Water,  28,  34,  35,  76,  145,  661 

as  ecological  factor,  650 

bear  (see  Macrobiotus),  489,  515 

boatman,  530,  539 

bug,  539 

currents,  ecological  factor,  649 

flea  (see  Daphnia),  489,  506 

moccasin,  609 

snake,  608,  609 

vacuole,  349 

vascular  system,  543,  546,  551,   552 
Wave,  brain,  210-211 
Weaver  bird,  621 
W^eb,  53,  512,  513 
Weevil,  539 
Weismann,  279,  297 
Whale,    112,   256,   471,   628,   630,   632, 
637-638 

shark,  576,  580 
Whalebone,  637 
Wheel  animalcule  (see  Rotifera),  347, 

438-441 
Whelk,  476 

Whip  scorpion,  514,  515 
Whippoorwill,  618,  625 
Whipworm    (see   Trichuris),    435-436 
White  ant,  538 
White  blood  cell    (see  leucocyte),  68, 

177-178,  183 
White  matter,  195,  198 
White  shark,  576.  580 
Whitefish,  588,  590 
Whitehead,  81 
Wilson,  H.  v.,  375 
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Wind,  as  ecological  factor,  649 
Wind  scorpion,  514,  515 
Window,  oval,  222 

round,  223 
Wing,  bird,  109,  112 

insect.  112,  241,  522,  523,  530 
Winter  eggs,  441 
Wolf,  638 
Wolff,  278 
Woodchuck,  77 
Woodcock,  618,  620 
Woodpecker,    130,  618,   619,   620,   622, 

624,  625 
Worker,  532,  533,  534 
Worm,  147,  159,  192,  401 
Worm  lizard,  607 
Wormian  bone.  111 
Wren,  621,  622 
Wrist,  109 
Wuchereria,  436-437 

X 

X  chromosome,  308.  309,  310 
XY  sex  determination,  308-309 


Xiphias,  587,  589 
Xiphoid  process,  108 


Y  chromosome,  308,  309,  310 
Yellow  crescent,  293 
Yolk,  74,  280 

effect  of,  282-284 

gland,  407 

sac,  285,  290 


Z  chromosome,  310,  311 

Zaglossus,  629,  631 

Zoea,  508 

Zona  pellucida,  262,  284,  295 

Zooecium,  483 

Zoogeographical  regions,  340-341 

Zooid,  482 

Zoology,  20-22 

Zoomastigina,  353,  357-359 

Zygapophysis,  57 

Zygomatic  arch.  102 

Zygote,  276,  280,  363.  364,  365,  367 
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